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REFRACTORIES FOR GAS-RETORTS, WITH SPECIAL REFERENCE TO SILICA. 





By W. EMERY, of Stoke-on-Trent. 


INTRODUCTION. 


Among the mass of detail published on the subject 
of silica refractories, little can be found which is of any 
help to the hard-worked provincial gas engineer, who may” 
be faced with the necessity of reconstructing his plant, and 
who wishes to advise his committee or his directors as to 
the refractory which will prove to be the most efficient 
and economical when adopted at his station. 

I have had the privilege, through the kindness of many 
members of the Institution and of many of the large gas 
engineering contractors, of obtaining information from a 
number of installations in this country where silica retorts 
are in use, and I propose to introduce for your considera- 
tion some of the points and problems which have interested 
me during the investigations. 

It is convenient to adopt the official classification of the 
Institution in referring to refractory materials; this 
classification describes as siliceous those materials in which 
the percentage of silica lies between 80 and 92, and as 
silica, those materials having a silica-content exceeding 
92 per cent. Since vertical retort practice is definitely 
pledged to the use of silica or highly siliceous refractories, 
it will be more useful to members, whose aim is the im- 
partial investigation of the properties of this material as 
a factor in engineering construction, to focus attention 
upon horizontal practice, and to see how the adoption of 
silica has advanced this type of plant. 

The following claims have been made for and against 
silica materials :— 


Advantages. 
Increased rate of carbonization and throughput. 
Longer life. 
Rigidity and shape retained at high temperatures. 
Heavier charges possible. 
Resistance to abrasion. 
Easily scurfed. 
Not affected by ash in producer gas. 
Less cracking. 
Greater resistance to corrosion from salty coals. | 


Disadvantages. 
Excessive expansion. 
Special precautions required during setting. 
Wear and tear due to alternations of temperature ; spalling 
troubles. 


Deterioration when shut down. 
Fragility and tendency to disintegration. 
Life under varying working conditions not established. 
Capital outlay. 
The available laboratory data relating to the various 


tefractories referred to in the report are summarized in 
Tables I. and IT. 





TABLE I. 

Al A2 A3 AG AT 
Si0, 95-13 95-26 94-98 95-64 a 
Tio, 0-11 0-02 0-24 0-25 — 
Als 1-46 1:45 2-10 1-43 — 
Fe,O; 0-43 0-42 0-70 0-68 _ 
MgO pai 0°23 010 0°08 — 
(a0. 2-55 1-61 1-72 1:50 — 
K,0 0-15 0-30 0-47 0-12 — 
Na,O _ 0-23 0-10 0-34 — 
Loss = idiahae —_ 0-20 0-05 0-16 * 

*Manufacturers will not release analysis for publication. 

True Sp. Gr, 2:37 2-43 2-44 2-37 2-34 
Porosity .. 39-24 30-46 34-84 29-54 28-20 
App. Sp. Gr. 1-44 1-69 1:59 1-67 1-68 
Aft. Expans. 0-20 0-13 0-25 0-05 0-07 
@) True Sp. Gr. .. 2-35 2-40 2-42 2:36 2-32 


true Specific Gravities, carried out on the same test pieces after they had becn 


(2) 
Subjecte! to the “ after-expansion ”’ test. 


a Cai ionization and Throughput.—There is no doubt that 
silica retorts are very conducive to rapid carbonizing 
Periods at high temperatures. This speeding-up has been 
Mainly accounted for in terms of conductivity. 

Conductivity —The problem of the transmission of heat 
by way of the walls of refractory materials, 1.¢., silica and 
fireclay retorts, is of primary importance to those engaged 


Taste II, 


BL B2 B3 B4 | BS | BBB B6R | -B7 B8 





























SiO, 


88-70 8446 90-08 7440 81°60 84-2 86-31 (75:5 (81-80 

TiO, 0-36 «64086 «600-40 «4060 >= 0-700 — — — 062 
Al,O; 8-35 11:35 626 21-50 15-01 = = — (1451 
Fe,0, O81 080 187 250 180 — — — 1:60 
gO 0-10 trace 0-05 trace 030 — _ — 0-29 
CaO om a 0-31 0-54 0-33 trace 0-20 — — — , 085 
K,O Ss aes 056 078 060 060 — — — — | 038 

0-80 
Na,O 0-33 063 040 050 — — — — | 023 
Loss Sa 0-21 0-20 011. 010! — * * ° 0-18 
*Analyses relating to B6 and B7 not released for publication. 

True Sp. Gr. 2:50 | 2-50 | 2-47 | 267 | 2-58 | 2-59 | 252 255 | 262 
Porosity 31-20 33-20 | 32-80 | 27-76 | 30:50 28-60 |25-80 22-90 | 32-83 
App. Sp. Gr. 1-72 1-67 | 1-66 | 1:93 | 1-79 | 1-85 | 1-87 1-96 | 1-76 
Aft. Expans. 045 026 0-22 _ nil 0-12 | 0-31 - — 
Aft. Contrac. “- — _ —_ _ —_— _— _— 0-37 | 0-16 


in the carbonizing industries. Unfortunately, the accumu- 
lation of data concerning this problem, obtained both from 
the laboratory and from the works, has brought much 
confusion and controversy. Although it is not my object 
to add to the controversial aspect of the subject, I should 
like to indicate certain factors bearing on the subject 
which may form the basis of a compromise between some 
very divergent points of view. 

The statement that “silica refractories have a much 
higher thermal conductivity than fireclay refractories ” has 
made a wide appeal to gas engineers and managers. Some 
of the advertisements issued by interested firms are written 
very ambiguously ; others give such a definite opinion as 
to suggest that this problem of heat transmission is finally 
settled, and that the results can be encompassed in a single, 
most simple sentence. One particular circular contains the 
following statement: “Silica material has approximately 
16 p.ct. higher conductivity than fireclay at 1000° C.” 
Unfortunately, gas engineers, who are always striving for 
increased thermal efficiency, are likely to be impressed by 
such definite expressions of fact. 

The published data concerning the thermal conductivity 
of refractory materials do not reveal any striking differences 
in the values for silica and fireclay up to 1000°C. There 
is, however, one quite notable exception, published by Prof. 
Cobb?, in which he reports a marked increase of diffusivity 
of silica as compared with fireclay at the temperature 
previously mentioned. Middleton* expresses doubts about 
the supposed higher values of silica at 1000° C., but states 
that at higher temperatures its conductivity becomes 
considerably greater. In other words, in carbonizing 
plants where relatively low temperatures are employed, 
there is little to choose between silica and fireclay material 
on the ground of thermal conductivity alone. In an 
extension of his work on conductivity, Green* notes that 
the rate of thermal conductivity and diffusivity with 
temperatures in the neighbourhood of 1200°C. is some- 
what greater in the case of three well-burned silica bricks 
than in the case of an average of fireclay materials. His 
results are important, inasmuch as they suggest a con- 
firmation of the works’ results previously quoted. 

It is essential to have a clear conception of what is 
implied by the term “ thermal conductivity ’’ in order to 
appreciate the commercial value of the data submitted by 
various workers. This aspect of the problem has been 
dealt with somewhat fully by Green‘ in a previous com- 
munication to the Institution. Since it is material to the 
development of the present argument, I must recapitulate 
some of the more salient features of the paper. 

Cons‘der the formula : 

K=kes, 
where K is the coefficient of thermal conductivity at a 
temperature of 9°C, 
k is the coefficient diffusivity at a temperature of °C 
c is the apparent specific gravity. 
s is the specific heat at a temperature of 9°C. 
Such a formula can be used as the basis of comparison 
“2 Dougill, Hodsman, and Cobb, ‘Journ. Soc. Chem. Ind., 34, 465, 1915. + 
2 Middleton, Trans. Cer. Soc. 22, 173, 1922-1923. 


3 Green, Private communication. 
4 Green, Trans. Inst. Gas Eng., 1921-2, p. 195. 
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of the thermal conductivity of silica and fireclay. The 
product c.s. may be called the heat capacity per unit 
volume of the material. The experimental evidence of 
Bradshaw and Emery® shows that the specific heat of 
silica is almost identical with that of fireclay up to tem- 
peratures of 1400° C. 

This fact shows that the apparent specific gravity of 
silica or fireclay material is a direct measure of the heat 
capacity. The apparent specific gravity of silica material 
is almost invariably less than that of fireclay material 
(e.g., 1°63 for silica and 1°95 for fireclay material), so that 
the heat capacity per unit volume of silica is less than that 
of fireclay. 

“ Diffusivity ” or ‘‘ temperature conductivity ” is essen- 
tially concerned with rate of rise of temperature, and, in 
consequence, it gives some definite criteria for those heating 
units such as gas-retorts, in which the rate of rise of tem- 
perature is of more importance than the total heat-work 
effect. The coefficient of diffusivity may be defined as the 
rise of temperature produced in 1 cc. of the substance by 
one calorie in one second through one sq. cm. of a layer 
one cm. thick, having a temperature difference of 1°C. 
between the two faces. ; 

To illustrate the significance of this conception, I may 
be allowed to quote an interesting experiment by Prof. 
Tyndall. He showed that a temperature wave travels 
more quickly in bismuth than in iron, although the thermal 
conductivity of the latter is nearly six times greater than 
that of the former. The application of this conception 
to our study is illuminating. There is little difference 
between the diffusivities of silica and fireclay materials 
below 1000°C., although the evidence previously men- 
tioned indicates that the diffusivity at the higher tempera- 
tures of practice is somewhat greater in the case of silica 
bricks. Herein may lie the clue to the opinion of many 
engaged in this industry concerning the problem under 
review. Re® 

As has been previously indicated, the thermal conduc- 
tivity at a specified temperature is determined by the 
product of the heat capacity and diffusivity. Since the heat 
capacity of silica is lower than firebrick, the diffusivity of 
the former must be much greater in order to obtain identical 
conductivities. Below 1000° C., this increase in diffusivity 
is not generally noted, which leads me to believe that, 
in general, firebrick is probably the better conductor of 
heat at lower temperatures. 

In the paper included in the Joint Committee’s Report 
to be presented at this meeting, on the influence of texture 
on heat transmission, the author, Mr. A. T. Green, suggests 
that the variations are primarily due to the disposition, 
size, and orientation of the pores within the refractories. 
Further, it is suggested that greater values of increase 
in the transmission of heat are to be expected at high 
temperatures, together with the property of greater per- 
meability to gases. This suggestion has an interesting 
bearing on the comparison between silica and fireclay 
materials. 

[ have examined a large number of refractories of all 
types after they have been used in commercial heating 
units, and I conclude, as a result, that there is less altera- 
tion in the porosity of silica goods (see table) during use 
in gas installations than is the case with fireclay materials. 

Dale, in a previous communication to Bulletin No. 7 
of the British Refractories Research Association, has 
studied the question, not from a heat transfer point of 
view, but in connection with the refractory-under-load 
test. He states that the orientation of the pores in 
refractories is considerably modified: when subjected to 
load between 1300° and 1400°C. He has also examined 
fireclay refractories, which show a decrease in porosity 
ranging from 4 to more than 15 p.ct., whereas in 
no case do 95 p.ct. silica refractories show any marked 
decrease in porosity. I would suggest that the mainten- 
ance of porosity while the refractories are in actual use 
is a factor requiring very close attention. 

I have on view representative samples of the retort 
material now available for gas-works. The polished 
surfaces of these bricks show clearly marked differences 
in texture. For example, compare A7 and Al. The 
porosities of these are 28°71 and 39°24 respectively. 


5 Bradshaw and Emery, Trans. Inst. Gas Eng., 1919-20, p. 101. 





—. 


Sample A6, which occupies an intermediate position 
between A7 and Al, possesses a porosity of 29°54. The 
manufacture of silica goods has, however, undergone q 
decided development. At an early period the texture of 
the goods delivered to gas-works was of that genera! type 
which had given good results in metallurgical operations 
but in many cases the firing of these goods was far from 
satisfactory. At the present time, the average grain size js 
less, the mass’ is much more homogeneous, and the firing 
more satisfactory. It is clear, then, that the makers 
realize the importance of texture and firing conditions as 
at least equal to that of chemical composition. 

Mr. W. B. Leech* has pointed out how difficult it is, 
under working conditions, to assess the relative conduc. 
tivities of refractories. He has assembled considerable 
data concerning the internal and external temperatures 
of a great number of retorts, and, as a consequence, asserts 
that the use of silica retorts increases the internal tem- 
perature 60°C., where the combustion chamber tempera- 
tures are in the neighbourhood of 1400°C. If it is assumed 
that (1) the chamber temperature remains constant and 
(2) the same amount of heat is passing through the retort 
in the two cases, 7.¢., silica and firebrick material, it means 
that the conductivity of the silica in these circumstances 
is 30 p.ct. greater than that of the firebrick. 

With the exception of this case, I have been unable to 
obtain any reliable data on the internal temperatures 
prevailing in horizontal retort practice. I can appreciate 
the diffidence displayed by various engineers in passing 
on for publication any information regarding conductivity. 
However, since it may be that the next development in 
large town-gas installations will be the adoption of chamber 
practice, the observations and data published by Middleton, 
Townend, Hebden and others will be applicable to the 
gas industry. I have elicited one or two interesting facts 
having a distinct bearing on the present arrangement. 
Mr. Thompson, of Messrs. Drakes Ltd., who has had a 
unique experience with the use of silica retorts, reports 
that, in his opinion, working heats may be obtained more 
rapidly in new silica than in new fireclay retorts. 

The following incident occurred at a Northern gas- 
works. A setting of silica retort material had been 
installed, and while the heats were being raised, several 
of the “ lungs ” gave way, with the result that the normal 
working temperature could not be attained. This occurred 
during the “ peak-load”’ period, and consequently the 
setting had to be worked. The management were definite 
in their opinion that it would have been very difficult 
in like circumstances to have carbonized in fireclay retorts, 
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and they estimated that, even if it had been possible, a 
further four hours would have been necessary. 

It is clear that the increased carbonizing temperatures 
now prevailing must lead to an increased carbon deposit. 
Nicholson’? and Warren* have already discussed this 
problem dealing with the effect on porosity. Laboratory 
data are lacking as to the behaviour of carbon in the pores, 
but Cobb® has stated that, in his opinion, the infiltration 
of carbon into the pores results in increased thermal 
conductivity. 

The following data have been obtained concerning the 
scurf deposit taken from a gas-retort, and may be of 
interest in connection with the effect of this scurf on heat 
transmission. 

True sp. gr. App. sp. gr. Porosity. 
2-12 1-78 16-0 

In assessing the relative thermal efficiency of silica 
material, the fact that the general adoption of more com- 
pletely filled retorts and higher temperatures has more 
or less coincided with the extended use of silica retorts, 
must not be overlooked. 

A summary of the available data suggests that the 
heat transfer will be more rapid in silica at the high tem- 
peratures now in use, ¢.g., 1350° to 1450°. Evans, in his 
recent series of lectures, has shown that the temperature 
prevailing in the interior of retorts during the initial p riod, 
after charging is all important. If the assumption be 
valid, that the diffusivity and thermal conductivity of 
silica are higher than those of fireclay, then it is obvious 


Leech, Trans. Inst. Gas Eng., 304, 1922. 
Nicholson, Gas World, 80, 14 C.S., 1924. 
Warren, Gas World, 78, 183, 1923. 

Cobb, Loc. cit. 
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... [that the first-named refractory will give better results. which should be used in coke-ovens and gas-works, if 
ition 1 must be remembered that the infiltration of carbon into progress is to be made. 
The the pores of the material will invalidate any laboratory It must be admitted that the manufacture of fireclay 
1¢ af measurements on the conductivity of the “pure” refractory. and siliceous retorts has not reached finality as regards 
e off It is interesting to note that the constructional engineers, improvement. |! ossibly competition will stimulate the 
tyPefl who are responsible for the modern vertical installation, manufacturers of the latter type in the direction of im- 
10088 do not suggest that increased thermal conductivity is proved texture and the development of a refractory, 
: Tom§ obtained by the use of silica constructions; rather do which, while not remaining rigid at the highest tempera- 
© sf they stress that improvements may be looked for owing tures, will be more suitable than silica for the engineers 
TIN Ho the increased stability at high temperatures. who still prefer to carbonize at moderate temperatures. 
kes Longer Life.—The life of the retort is a factor which Rigidity and Maintenance of Shape at High Temperatures. 
1S as i. of great interest to the gas engineer. A long life means —Silica refractories will stand higher temperatures under 
.. . lower capital charges, a considerable reduction in carboniz- conditions of load than fireclay goods. It is therefore a 
It 1s, ing costs, while in the provincial works the engineer is not natural consequence that silica retorts should replace the 
due. always faced with the worry of calling in contractors older types of siliceous or fireclay material. In spite of 
rable and engaging bricklayers for the purpose of renewals. this, however, the illustrations which have been published 
tures It is natural, considering that the utility of silica retorts recently, showing the condition of fireclay retort installa- 
Serts Bias only been realized during the last ten years, that tions after an extended run at relatively high temperatures, 
tem-§ liable data relating to the life of such constructions suggest that the problem of choosing a suitable refractory 
pera- Ficed in town-gas installations are somewhat meagre. material is not quite so simple as it appears at first sight. 
imed Fortunately for the industry at large, Mr. Leech and his 
and ftaff at Beckton have carried out very extensive works’ 
etort Fresearch with silica settings and their published results 
leans # have set a standard of comparison for the industry. Other 
‘neces Hoas managers and engineers have made extended trials 
with a similar material, but at present the full results 
le to Bare not yet available for publication. 
tures f Mr. R. G. Shadbolt states that silica retorts have a life 
‘clate Bat least one-third longer than moulded fireclay in plants 
SSIng F where hand stoking is adopted. 
vity. f The following data relating to retorts other than silica 
nt I Bare included, so that one can judge of the life of modern 
mber f freclay and siliceous materials compared with that obtained 
eton, I by the Beckton methods. : 
) the “Mr. Firth*® has already communicated a note relating 
facts } to the use of siliceous and silica retorts, and, in reply to 
nent. fa letter from me, states that the siliceous retorts which 
‘ad a Phe uses are built up of three segments. The retorts are 
ports fin very good condition after gas-making for 219 days, 
more fduring which period 263 tons of rough slack per retort 
have been carbonized. The makers of these retorts say 
84S" that segmental retorts are preferable, because, owing to the 
been [smaller sections, greater uniformity during the manufac- 
veral J iuring operations can be ensured. 
mal f Messrs. Koppers have furnished some useful data rela- 
urred f tive to the use of their chamber ovens for town-gas manufac- 
the Pture in the United States of America. Some of their ovens 
finite B have been in continuous operation for fifteen years without 
ficult any repairs, so that they say it is impossible to suggest 
torts, ff what the probable life will be. The average flue temperature 
ple, 2 His 1350°C., and the net carbonizing period is 11 hours 
) minutes. 
‘tures # Mr. T. Glover allowed me to visit the Bishop’s Bridge 
posit. Bworks at Norwich at a period when a house containing 
this Bcixteen beds was down for overhaul. The settings are all 
atory fof the Klonne generator type. Silica bricks are used in 
ores, Bthe combustion chambers and also in the centre of the 
i (ross walls, and 83 p.ct. siliceous bricks on the outside 
ermal @ of the setting. The- retorts examined were of the siliceous Fig. 1,—Moulded Aq siliceous retorts after-2660 days (Drake’s setting). 
type, Serial No. B6. The works’ officials stated that they A3 silica in chamber and centre of cross walls ; fireclay remainder. 
5 “ had been worked for 1853 days at an average temperature 
be of Fol 115° C., the weight of charge being 14 cwt., which is The following factors have a direct bearing upon the life 
heat J carbonized in twelve hours, and that the total throughput of the material : 
per retort was 2500 tons. I would suggest that, when is P ie 
the retorts have been refronted they will last. for a con- e Type of setting —with special velopence ~*~ the nature of the cross 
? walls and the proportion of retort covered by same. 
siderable period. The above results suggest that well- 2 Working temperatures, with indication of possible fluctuations. 
silica burned siliceous segmental retorts are eminently suitable 3. Composition and physical properties of retorts. 
com- J Where moderate temperatures are adopted. - aype of a ak: eas eles ay 
more § Mr. S. N. Wellington has furnished data relating to the § ¢ Pocnestion tel iene 6 ath pone: — 
torts, § Mclined chamber plants on the Continent and at Darwen. 7. Throughput per unit. 
He states that the capacity of the chamber constructed of 8. Liability to form scurf. 
| the @Stettiner silica is 8 tons per charge; the working flue Mr. Bromley, the Engineer and Manager of the works at 
tem- § temperature ranges from 1300° to 1400°C, At Hambur : . : aie’ : ione 
ae P © range ; 8 which the exceptional working of fireclay retorts mentioned 
n his § they approach 1500° C. and the make is over 15,000 c.ft. above has been obtained, kindly gave me permission to 
ature fofstraight gas (c.v. 510-520 B.Th.U. gross) per ton, with visit his plant. Having regard to the fact that these 
riod, J English coal. With regard to the Darwen plant, the retorts are made of fireclay, it is interesting to know that 
n be [chambers are built up of the Stettiner fireclay material, they have operated for a working period of 2660 days, 
'y of Jad have been in use for nine years. The installation carbonizing 20 cwt. charges in 12-hour periods, with a 
vious has given exceptionally good results, and the refractories 


ate “stili in good condition. 
of Mr, 


ite, 


It is the considered opinion 
Wellington that silica material is the only refractory 





10 Firth, Gas Journ., 165, 641, 1924. 





stoking machine of the Drake’s type in use, and with 
abnormally high working temperatures (for fireclay) of 
1370° to 1420°C. This latter figure has been subjected{to 
independent verification by many persons, I have no 
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other record of fireclay retorts giving such consistently SUMMARY OF OBSERVATIONS MADE DURING A VISIT TO THE BEF: KTON 
good results, but possibly members of the Institution may WORKS. 
have confirmatory evidence at other plants (see fig. 1). SEE Rein nee En 
This is a case of a refractory material which, judged | Howe) | Working 
by the usual standards, is exhibiting abnormally good | —° S| Make: fans Baa Wh J 
qualities. Considering the matter from all sides, I came 2 | B7 | Segmental Pee oft) OR A 
to the conclusion that the behaviour under load is a prime B4 | Moulded ‘ 6 oct a, 
factor in the case. I have discussed the matter with 3 BS_| Segmental \ ona ye. 1350 940 | cteieet frome 
Mr. A. J. Dale, B.Sc., and he puts forward what appears J Sed Jr: 1400 Weary Seether side, a 
to be a very reasonable explanation. During some recent | _ dark brown slagsy msic. 
work on the softening of refractories under load, Mr. Dale —_— 
carried out two distinct sets of experiments : 5 | Be. | Moulded 1370 S000 |; Saeieg Det been let dove 
use the two top 
(1) Determination of the nature of the subsidence of Whevses agit tae sets of 
occurring under load before the temperature at Pog Sp neater 
which complete failure takes place is attained. oi eae BA — Me 
\2) Determination of the rate and amount of subsidence - apy arias a ) of retorts. The behaviog 
under load at a constant temperature of 1350°C. ae ¥ | pe a ang * 
As can be readily seen, the latter test provides a measure 8 Al Seemental | 1850-1950 530 ) Tt 
of the rigidity of refractories at temperatures well within BY Moulded 1350-1360 mie 
practical working limits. His results, which will be com- Al Segmental 1980-1300 180 | 30 Beds 
municated to the Institution at a later date, suggest that | 42 te g. i Wome Seg! 
certain classes of refractories remain fairly rigid under load * |B : : * i 
at high temperatures not far removed from those at which 1 ” ” ” pe ee 
complete breakdown occurs. Other types deform at cepting in one bed, wher 
relatively low temperatures. While silica belongs to Py ay 
the first class of materials, fireclays in general belong to en 
12 Al Segmental 1400 2150 No distortion—excellent 
5 « | shape. See figs. 6-7, ; 
‘g 42" Siar Se a a =eiet — interest 
8 Silica on refré 
§ nl ae a practice during the last ten years has been to carbonize 
Zero Line — - with full retorts, irrespective of their type. However, wh 
. Mr. Chew has had a battery of silica retorts in use for be 
2 410 days, and he reports that: ‘ The fuel used is 75 p.ct. wh 
8 -2" slack together with 25 p.ct. screened and unscreened coal. by 
§ The carbonizing period is 12 hours, but we are obtaining sili 
a heavier charges with silica retorts.”’ the 
-g" Abrasion.—The silica retorts which have been inspected sal 
have withstood scouring action very well. It is of interest of 
\ to*note that the silica retort manufacturers emphasize or 
~ \ the fact thatjtheir goods are specially toughened, in order of 
: ea to resist abrasion. _Well-fired fireclay and siliceous retorts bu 
Pirebric are not lacking in’ this respect. ba 
d Mr. Morrison whose experience with silica and siliceous po 
= goods extends over a period of twenty years, states that he It 
x has had under close observation composite retorts, in which ac 
7 N the sides and arches were constructed of silica and the base er: 
Ba ae of fireclay. In some cases the fireclay did not withstand the th: 
scraping effect of the rakes and pusher heads. ta 
— en Scurfing —There is no agreement between the users of in 
“Iz silica retorts on the subject of the deposition of carbon 
and the removal thereof. In a general way, the removal 
is mainly effected by the cooling and burning effects of 
“14 air currents. It would be of interest to ascertain the 
behaviour of silica in smaller works where ‘stop end” 
’ retorts are in use, since under these conditions more 
“165 400 B00 1200 1350 THR 2Hp mechanical treatment is required to remove the scurf. 
Temp. to 1350°C.and Time _§ ———_Y_————"_ Ash.—While at the Beckton works, I examined 4 
Time of Heat Soaking at 350°C. | setting which had been worked for 21 days and then 
Fig. 2. shut down ; one tier was built of silica, and the remaining 
tier of siliceous material. The differences, when seen from 
the second, so that a possible explanation lies in the fact the combustion arches, were very marked. cape 
that this particular fireclay (and possibly others) are pecu- retorts were substantially as set, whereas the b a 
liar in maintaining a “ silica ” type of structure at elevated | ODS Were covered with a brown, semi-glazed mass, 0 7 — 
temperatures. An alternative explanation lies in the fact due to the interaction of the ash and eee’. es 
that the maintenance of porosity at elevated’ temperatures should, however, be noted that this tendency to : e 
may allow the infiltration of carbon to proceed to such an covered with a semi-glazed mass soon after being i 
extent that the retort may become a carbonized clay | ito use is not necessarily a criterion of the quality ¢ : 
substance, which possesses a higher refractory value than refractory, for, in many cases this coating forms seni 
normal clays. This subject has already received attention | M™PeTVvious mass as to prevent further trouble. ded 
by Bradshaw and Emery and Lessing, and, of course, has Cracking.—It is admitted ‘that, in general, ie . 
formed the subject matter of a patent by J. Smith. fireclay retorts exhibit'a tendency to crack atter rt ye 
The following data relating to the working behaviour of paratively short life, as compared with segmenta! 7 a 
some of the fireclay and siliceous retorts have been passed | Tetorts. This fact, however, cannot be ne pe 
for publication by Mr. W. B.- Leech (see figs. 3 to 7, Gosche that silica is more resistant to cracking 
gr i Charges——I have been unable to elicit much In order to obtain a real criterion, segmental or mouldet 
information which would lead me to believe that, other | Tefractory material of each type should. be compare 
factors remaining constant, the introduction of silica | (See Fig. 8, plate 1). — 
retorts would enable heavier charges to be burned off in Corrosion —Mr. Foxwell, M.Sc., on behalf of *sessts. 


unit time. This is natural, inasmuch as the general | Koppers Ltd., has furnished me with the following 
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Cis’ eee: Soo ae 
Fig. 3.—BECKTON. MOULDED PIRECLAY RETORTS AFTER 940 WORKING DAYS. At 
STOURBRIDGE FIRECLAY IN REMAINDER. 


COMBUSTION CHAMBER; 


interesting note relating to the effect of sodium chloride 
on refractories : 


‘“T have examined the action of salt on bricks and | 
while, of course, most of my observations may not 
be given, I may say that I have found that silica, 
whether as quartz, cristobalite, or tridymite is attacked 
by fused sodium chloride, with formation of sodium 
silicate, although this action is not very rapid. On 
the other hand, if clay is taken, the action of the 
salt is to form a compound containing about 28 p.ct. 
of Na,O, which cannot be washed out by water 
or acids. I do not know whether any explanation 
of the immunity of silica brick has yet been given, 
but although I have no experimental evidence to 
back up my suggestion, it has always seemed to me 
possible that the lime has a great deal to do with it. 
It may be that a lime-silica complex is formed which 
acts as a protective coating over each of the silica 
granules. There is some evidence for my view in 
that we have {found in practice that a brick con- 
taining 91 p.ct. of silica, but with no lime, failed 
in under a year, whereas a brick with 95£p.ct. 
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4.—BECKTON. ANOTHER BED AFTER 940 WORKING. DAYS, 





SILICA IN 


of silica and lime-bound has stood successfully for 
many years in the same ovens carbonizing the same 
coal.”’ 

DISADVANTAGES. 

Excessive Expansion (reversible, or temporary, and per- 
manent).—The nature of the expansion data, which are 
supplied to the constructional engineer by the physicist 
as physical constants of silica material, deserve a close 
study. When refractory goods are heated in industrial 
furnaces, they undergo two distinct alterations in their 
linear dimensions. The first occurs at relatively low 


_ temperatures, and if the refractories are cooled to normal 


temperatures after this heating, they return to their 
original size—hence the term reversible or temporary 
expansion. In other words the property in question is 
the unavoidable thermal expansion common to most 
solids when heated. Secondly, when heated to higher 
temperatures, a series of changes occur, the nature of 
which varies with the chemical and mineralogical com- 
position, texture, and previous heat treatment of the 
goods, either at the brick works or during service. These 
modifications are irreversible or permanent. In the case 


| 
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Fig. 5,—BECKTON, ANOTHER BED AFTER 1170 WORKING DAYS. 
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Fig. 6.—Segmental Ai Silica Retorts after 2150 Workircg Days. 
AL Silica in Combustion Chamberj; Stéurbridge in remainder. 
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Fig. 7,—Enlarged View of Second and Third Tiers, in Fig. © 3H 
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Fig, 8.—Beckton. 


Another Bed after 2150 Working Days, 


of a good silica rock, it can be said that the permanent 
linear alteration is always an expansion,fand is accompanied 
by a decrease in specific gravity. Similarly the normal 
variation, in fireclay is a permanent contraction. When 
fireclays are hard burned, there is a slight increase in the 
specific gravity. 

_Dr. Mellor and other workers have carried out investiga- 
tions on the volume changes occurring in firebricks with 
the ‘“ Coppée’’ apparatus, which involves the use of full 
sed 9-in. bricks. Other academic workers in many 
countries have reported values in close agreement with 
those given by the use of the ‘‘ Coppée”’ dilatometer, 
but in these latter cases the tests have been on a laboratory 
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Fig. 9. 


Sale only. For our purpose it willgbe convenient to 
summarize some of the results reported by Houldsworth 
aid Cobb’. During the heating of a raw unburned 
fireclay, there is a steady thermal expansion, until a tem- 
perature of approximately 540°C. is reached; the rate 
of expansion is accelerated between 570° and 600°; above 
°C. no further increase occurs. Well-defined per- 

















11 Mellor, Trans. Inst. Gas Eng., 1917. 


Fig. © 18 Houldsworth and Cobb, Trans. Cer. Soc. 22, 111, 1922; and 21, 24, 1921-2 
















manent contractions occur at 880°, 950°, and 
1080° C., which is the upper limit of their 
experiments. They have examined the be- 
haviour of a silica brick which had been fired 
previously to Cone 14. Starting from the 
cold state, it was found that the length in- 
creased regularly up to 200°; from 200° to 
250° C. an extremely rapid expansion occurred 
amounting to 0°75 p.ct. From 250° to 550° 
the sample expanded regularly, followed by a 
more rapid rate of expansion between 550° and 
600° C. All the low-temperature changes are 
temporary, and amount approximately to 
15 p.ct. Further irreversible and permanent 
volume increases were noted at the higher 
temperatures. 
I am. indebted to Messrs. Woodall, Duck- 
ham, Ltd., for the following information : 
“With regard to the expansion of silica 
settings as compared with fireclay, we find 
that a fireclay retort 26 ft. in length has 
an expansion from cold to a working tem- 
perature of 1290°C., of about 2 in, while a 
retort of the same length constructed with 
a central zone comprising 14 ft. of silica 
expands approximately 3} in. up to 1400° C. 
After three months working at this tempera- 
ture, the total expansion from cold becomes 
approximately steady at 3} in. Owing to 
the fact that, during the warming up stages 
the total expansion is of a composite 
nature, z.e., the temperature of the fire-clay 
work above and below of the silica and the 
temperature of the upper part of the silica 
zone being higher than the bottom, it is 
difficult to give any definite figures relating 
to the expansion of the silica at various 
temperatures. The above figures indicate a 
total expansion of the silica of approxi- 
mately 1:4 p.ct. for the 34 in. rise (probably com- 
prising 1°2 p.ct. reversible and 0:2 p.ct. permanent), 
anda further 0°l p.ct. permanent, making a total of 
15 p.ct. for the 34 in. rise. From our observations, 
approximately 70 to 75 p.ct. of the total expansion of * 
silica settings takes place during the warming up 
stages and before any colour is visible in the com- 
bustion chamber.” 


The present writer, as a result of works experience, 
suggests that it is possible to produce firebricks which 
have zero volume changes when worked at moderately 
high temperatures. It should be recognized that, in this 
direction, the firebrick manufacturers have made rapid 
progress. It is impossible to lay down a definite percentage, 
type, or grain size of silica admixture to a fireclay, as beinz 
required to effect the purpose. However, once a standard 
has been decided upon, uniformity of grading, homo- 
geneity, and firing treatment require constant supervision, 
if satisfactory results are to be obtained. 

The firing of the refractories is undoubtedly the factor 
which decides their behaviour in use, since this regulates 
the permanent volume changes. Probably everyone present 
has had experience with fireclay retorts which have lost 
their shape, even when worked at relatively low tem- 
peratures; in most cases this defect would not have 
occurred had the heat work in the oven been greater 
than that imposed upon the retorts during use. 

A number of substances such as lime, pyrites, &c., 
have a catalytic effect in speeding up the conversion of 
silica into tridymite. These materials, however, have the 
disadvantage that they lower the refractoriness, and as 
a result they cannot be used in those cases in which the 
goods are to be used under stringent conditions. 

In the production of gas-retorts, however, it is possible, 
and in my opinion advisable, to make use of such ad- 
mixtures in order to ensure more complete conversion, 
with its accompanying reduction in permanent expansion. 
In some instances the silica retort manufacturers use one 
mixture only, and that the one most suitable for the roof 
of steel smelting furnaces. However, it is interesting to 
know that other firms recognize that the gas industry 
demands specialized refractories, and have made the 
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necessary modification in order to produce goods likely 
to give the best results in town gas-works. 

Many instances have been cited with respect to the ill- 
effects due to volume changes of silica cross walls. Mr. 
Leech has furnished pictures from which Figs. 3-5, Plate 
1, have been prepared. At Beckton, I saw a similar 
defect in which the up-throw was about two inches, and 
this would probably increase as the high temperatures. 
were maintained. The author is convinced that some of 
the -alleged failures of moulded fireclay retorts have been 
due, not to the poor quality of the retort, but rather to 
the use of underburned silica bricks and blocks in the 
superstructure and cross walls. 

Summarizing, it can be said that, with all types of 
refractories, the reversible thermal expansion is unavoid- 
able ; but the manufacturers of refractories have a modified 
control over the extent of the permanent expansion, and 
since it is the latter which is of vital importance to the 
user, it is the maker’s responsibility to see that the point 
has proper attention. 

It is obvious that the user must have some means of 
checking the quality of the goods he has received, and a 
test which will indicate whether the firing has been satis- 
factory is most desirable. 

Consequently the standard after-expansion test has been 
adopted, and up to the present has probably been satis- 
factory. However, it may be that, as more laboratory and 
works data become available, other tests will be substi- 
tuted. For silica refractories several alternative proposals 
have been made: these can be broadly divided into three 
groups : 

1, Methods involving the micro-examination of thin sections. 
(See appendix to present paper.) 

2. Methods involving the determination of tefractive indices, 
(Houldsworth & Cobb). 

3. Methods involving the determination of specific gravity. 


It has been shown that, when a series of refractories has 
approximately the same percentage of silica and of,lime, 
the true specific gravity is a direct measure of the firing 
treatment, and this, in conjunction with porosity, provides 
an indication of the probable expansion when put into use 
in industrial furnaces. 

Fortunately the composition jof;the available silica 
retort materials does not vary ,very much, hence deter- 
mination of specific gravity is very useful. A _ specific 
gravity can be quickly and accurately determined without 
the use of elaborate apparatus, and I would suggest a 
more extended application of this method. Middleton has 
shown that silica bricks having a standard mixture and 
fired in industrial kilns to— 

1380° had a specific gravity of 2°43, 

1430° had a specific gravity of 2°35, 

1530° had a specific gravity of 2°23. 
Restated, this means that, with an increase in the firing 
temperature of 150°, the decrease in permanent expansion 
was reduced by 1°3 p.ct. Making due allowances for the 
slight differences which may occur with other types of 
silica rocks, the above results may be taken as representa- 
tive figures. The permanent expansion in practice is 
considerably greater than the theoretical, owing to the 
reorientation of the material. 

This aspect of the behaviour of silica materials has been 
dealt with at length in order to make it clear that the 
most objectionable feature, from a constructional point 
of view, is amenable to improved manufacturing methods. 
In general, the improvement in quality is very marked ; the 
manufacturers of silica refractories must not be content 
with anything but the best. In one case brought to my 
notice some silica segments were badly cracked; in fact, 
in order to complete a bed that was urgently required, the 
mahagement were passing all goods with a maximum crack 
of 1 in. in length, relying, of course, on the support afforded 
by the cross walls to obviate danger. 

At one works, I saw large batches of siliceous segments 
that were obviously underburned. It should be realized 
that the modern gas engineer is more conversant with the 
properties and behaviour of refractory materials than was 
the case some years ago, so that the manufacturer has to 
exercise a certain amount of discretion before he releases 
goods of inferior quality from his works. 

The contractor is not only concerned with the expansion 


of the retorts and walls, but also with the increased strisses 
set up in the superstructure by the permanent expansion 
of the silica blocks at the higher temperatures. Messrs. 
Robert Dempster, Ltd, have taken out a patent 
which is of interest. The keystone of the producer arch is 
reinforced in such a manner as to provide a super-imposed 
or inverted abutment for support of the combustion 
arches. 

Fig. 10, Plate 2, shows the lay-out of the arch and 
combustion chamber. It is obvious that, by the uce of 
these blocks, the distance between the “legs” can be 
reduced ; or, in other words, a more elliptical combus- 
tion arch can be built. 





Fig. 10 —Dempster Keystone Producer Block. 


Special Precautions required during Setting. —Considerable 
trouble has been experienced in making allowance for the 
peculiar expansion which takes place in silica constructions 
on heating. This trouble is solely due to the fact that 
constructional engineers have not had, as yet, the same 
length of experience with silica materials as they have had 
with fireclay. As soon as the necessary experience in apply- 
ing the physical laboratory data furnished in connection 
with the material has been attained, the trouble will entirely 
disappear. Meanwhile, among the experiments now being 
tried are the use of wooden packings, contractile clays, 
stays fastened with lead washers, and so on. 
i,Messrs. Robert Dempster, Lid., have taken out a patent 
in which they claim that, with the use of plastic siliceous 
clay (having a drying contraction of 8 p.ct.) m the 
joints, the thermal expansion taking place between 200 
and 580°C. is gradually absorbed. Similarly, the jomts 
between each segment resting in the stay walls should be 
made of siliceous clay and the walls built up tight with 
the retort. > 

I have inspected a number of settings where silica 
retorts are in operation, and was especially interested in 
the experimental settings at Beckton. .At these works 
practically all the carbonizing contractors lay down settings 
of their own design, incorporating their own ideas for 
the counteracting of the temporary and permanent ex 
pansions. In addition, Mr. Leech and his staff have had 
a number of experimental settings built also, and in one 
house alone eight distinct methods of packing have been 
tried. The information regarding the settings is carefully 
recorded and discussed at periodical staff meetings. Mr. 
Leech has kindly provided Fig. 11, Plate 2, which shows 
the methods now adopted in their all-silica settings. 
While at the above plant, I inspected a setting built to this 
standard, which had been used for gas making for three 
weeks. Careful examination showed that the vertical 
joints were in substantially the same condition as when 
built ; the wood packings had disappeared and the walls 
were under weight. (Figs. 12-13). x 

Gill’* has given an interesting summary of the practice 
adopted at the South Metropolitan Gas Company’s works; 
and Harston*, in his admirable paper, goes into greater 
detail as to the conditions at Norwich. But in both these 
cases siliceous and not silica retorts are in use. 

It is essential that the temperature be increased very 








1° Gill, Trans. Cer. Soc. 22, 377, 1922-1923. 
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slowly during the heating-up stages; since the faster the 
“heats” are raised, the greater the permanent expansion. 
It is interesting to note that the graph on page 18 shows 
clearly the actual temperatures at which the greatest 
care is necessary and also that, the harder the fire to 
which the silica goods have been subjected at the works, 
the lower the temperatures at which the maximum thermal 
expansion occurs. 

It is my-opinion that, if the silica refractories used in 
the settings conform to the present standard specifica- 
tion for after-expansion, then very little trouble need 
be expected in horizontal practice ; if, however, the com- 
bustion chamber temperatures are raised, then a revision 
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Fig. 11,—Beckton Standard Setting, showing Allowarces for Expansion. 


of the specification is necessary, since, as the temperature 
rises the tendency to expand increases beyond the limits 
of the specification. 
iWVear and tear effects due to alternation of temperature, 
ég., Spalling—During the war period, considerable losses 
were experienced in the metallurgical industries through 
the spalling of silica bricks. It was proved, in the majority 
of cases, that the defect was primarily due to the fact 
that the demand was so far in excess of the supply that 
toa certain extent quality had to be sacrificed for quantity. 
Comparing fireclay with silica, there is no doubt that the 
former is less liable to spall. I know of one silica retort 
setting, originally built of silica throughout, which, after 
a short run, had to be let down, so that fireclay mouth- 
pieces could be installed. In practice it is difficult (on 
account of spalling and cracking) when patching retorts 
to put into position silica segments, and in many cases 
siliceous segments are used. . 





the Beckton works, where, within one setting, it was 
found that, when the retorts were scurfed, a layer of the 
tetort was brought out along with the carbon. 

An investigation by the interested parties showed that 
the porosity of these particular retorts was above the 
hormal. I have enquired from several gas managers 
Who are using silica retorts as to the occurrence of a 
Similar trouble, but in no other case has the defect been 
observed. Further information was gained as the result 
of an inspection of silica retorts, which had been let down 
after a few weeks work. I noted that, midway along 
the setting and on the third tier, a piece of retort approxi- 
mately 6 in. by 4 in. by ? in. was missing, and 1 found 
the fragments in the base. near the nostrils. On the 
°pposite side of the chamber I was fortunate enough to 
locate a similar slab, held in position at one end by the 
‘toss-walls, This specimen is on the table for inspection. 
' ls obvious from the ash residue, that the piece must 
ave become detached at an early stage, probably during 
the heating up. In the same setting, several silica retorts 
M Har 





Another interesting case was brought to my notice at’ 


were noticed which exhibited cooling cracks. It has 
been reported that, in certain silica coke-oven constructions 
in the U.S.A:, the resident engineers were afraid to shut 
down. On the other hand, I have received a communica- 
tion from a carbonizing engineer, who has just returned 
from a visit to the U.S.A. While there, he inspected 
a number of coke-oven plants running for town gas, but 
failed to elicit confirmation of the report previously men- 
tioned. Attention is drawn to the data on vertical retorts. 

Deterioration when shut down.—While at the Keighley 
works, I examined a silica setting which had been let down. 
Mr. Bromley had the interior specially cleared, so that a 
thorough inspection could be made, and, apart from a 
small fracture at the junction between the fireclay mouth- 
piece and the silica, the retorts were in perfect condition. 
I am informed that a silica battery at Liverpool has 


been shut down and re-started three times after the 
following working days :— 

Ist period. 842 days. 

2nd ,. 188 _,, 

3rd »” 164 ” 

4th , M738. » 


The settings are still working and the condition is sucn 
that they will probably last a further two or three years. 

Mr. Morrison reports that he has shut down his com- 
posite silica-fireclay retorts without experiencing any 
trouble. At the Beckton works, where they have had 
an extended experience with silica retorts, the staff do 
not report any apparent deterioration when silica settings 
are shut down. 

Lack of Mechanical Strength—It is generally accepted 
that the silica refractory is more fragile than fireclay : 
but while it undoubtedly requires more care in handling, 
the modern product is quite capable of being transported 
and handled with ease. 

Life under varying conditions not yet established.—I agree 
that exact data have not yet been published, especially as 
regards the behaviour of silica in comparatively small 
units. 

It has been said that silica has been exploited only on 
large plants where suitable apparatus and staff are available 
to ensure first-class working conditions. Though this 
may be true, the larger units are carbonizing at higher 
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Fig. 12.—Dempster Standard Setting, showing Allowances for Expansion, 


temperatures than the smaller works. In any case, the 
margin of safety, so necessary where supervision is lacking, 
is much greater with silica than with siliceous or fireclay 
material. For instance, I have tested the temperature 
of a vertical installation which should have been working 
at a maximum of 1320°, and found it to be 1450°. Fluc- 
tuations of this magnitude would be very injurious in 
normal fireclay settings: 

Capital Outlay.—This aspect of the question is a very 
important one, but since the calculations involved are 
very simple and will vary within wide limits, it is not 
intended here to include a mass of data which may apply 
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only in isolated instances, 
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VERTICAL RETORTS. 


I have visited a number of plants, working under normal 
conditions and built by — 

(a) West’s Gas Improvement Company., 
(b) Woodall, Duckham Company, 
(c) Drakes Ltd. 

In order to obtain further information I inspected one 
installation of each type, which had been let down and 
cleaned. Mr. Harris, of Taunton, has furnished particulars | 
relating to his installation, which is a Leeds setting, built | 
by Messrs. Goodall, Clayton & Co., Ltd. 


A.—GLOVER WEsT. 
The Leigh installation consisted of four Glover West 
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| bell-bottom retorts (new model). The upper and lowe 


zones were constructed of fireclay bricks, and the central 
hot zone and combustion chambers of siliceous (88 p.ct) 
blocks. Two retorts were cooled and cleaned. 

Condition of Refractories—The fireclay firebricks in the 
“bell” portion were pitted and abraded: the harder 
fragments, though standing away from the face, could Not 
be readily detached. The condition of the refractories 
as a result of the steaming is very similar to the Structure 
of bricks, which have been subjected to the sand blag 
test. The blocks in the siliceous zone were in very good 
condition, the surface being free from cracks. I noted 


| that a fair number of the vertical joints were unsatisfactory. 


In one end of the retort, at a spot some 7 ft. upwards 
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FIG. 13.—-DEMPSTER SINGLE RETORT, SHOWING 
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from the mouthpiece” joint, there”"was a small*hole about 
Lin, in width, the depth of one block. The fireclay 
refractories in the upper zones appeared to be quite 
satisfactory. 

The second retort which the author examined was in 
substantially the same condition as the first as regards the 
general condition of the refractories, but there was no hole 
such as that occurring in No. 1 retort. A hole had been 
drilled in one of the blocks situated in the hottest zone 
in order to determine to what extent the bricks had been 
worn. It was found that the block was } in. thinner 
than when set into the retort. 

Mr. F. Bowen, A.M.I.E.E., the manager at the Leigh 
Gas-Works, has kindly passed the following data for 
publication : — 


Fuel.—Lancashire seams, 4 feet, and Arley. 

Commenced Gas-Making.—Jan. 10, 1922. 

Let Down.—March 10, 1924. 

Days Worked.—790. 

Deductible for Scurfing —Cleaning mains, furnace repairs, 
etc., 45 days. 

Day’s Gas-Making.—745. 

Tons Carbonized.—9430. 

Tons per Day per Retort —12°65. 

Steaming.—Pressure varied, 5 to 12 lbs. per sq. in. 

Mean Pressure.—8 lbs. 

Superheat—None in general, but during specific test 
periods super-heated steam was used. 


No serious deterioration of the refractories. A few small 
holes, arising from burnt-out joints, led to a slight loss of 
make near the end of period. 

oe combustion chamber temperature in hot zone, 
1250° C. 

Practically no hanging of charges. 

It is my opinion that this installation has done very 
good service, and I would suggest that the jointing material 
used is the only feature requiring attention. When 
the joints have been remade the setting will have a further 
extended run. , 

B.—WoopDa.t-DucKHAM. 


Woodall - Duckham installation at Gas Street works, 
Bolton. Battery of 7-ton retorts. 
Refractories :— 


The upper and lower zone, Scottish fireclay bricks. 
The medial zone, A6 silica blocks (panelled). 
Combustion chambers, A6 silica bricks. 


Stated by the designers that their previous experiences led 
them to introduce new features to accommodate the expan- 
sion of the silica refractories. 
_Several retorts were cooled down and opened for inspec- 
tion. Retort No.‘ 22 critically examined. > 
Condition of Refractories—The fireclay bricks at the top 
of the retorts were in good condition, with the exception 
of the four lower courses. The latter exhibited a peculiar 
crazed appearance, the network of cracks extending into 
the brick for about }in. The appearance of the upper 
18 in. of the silica refractories was interesting, inasmuch 
as the surface was eroded in several positions, whereas 
between these patches the condition was very good. In 
this design of retort there are two bonding or supporting 
walls on either side, and the disintegration had taken place 
on the retort face in line with these walls. The depth of 
the patch was approximately 3 in., and starting at the 
top the width is approximately one foot, gradually decreas- 
Ing in a tapering direction until at 18 in. the whole 
surface was sound. Downwards from this point the side 
Walls were in excellent condition, the surface of the bricks 
Was clean and free from cracks, whilst the joints were very 
firm. The appearance of the end walls in several isolated 
zones indicated that there had been a slight leakage of 
combustion gases into the retort through the cavities 
allowed for expansion. These cavities should theoretically 
have closed, but they did not do so owing to the total 
reversible and permanent after-expansion of the silica 
being less than was anticipated. The silica blocks were 
sounc: and the joints firm ; in fact, the whole surface really 
forme | a complete unit. 
_ Erosion extended over a total length of 2 ft. 6 in. 
In the vicinity of the steam nostrils, the surface being 


the extent of the erosion, but rather the peculiar manner 
in which it occurred, that was noted. 

For example, one end of a block would be in good con- 
dition, whilst the remaining portion was completely eroded. 
In others the central portion was eroded and the two ends 
perfect. The general tendency was for the finer parts to 
show up in vertical lines with the larger fragments of the 
refractory standing out in relief. 

As distinct from above, the lowest portion of the retort 
and the large supporting blocks near the end walls were 
not in so good a condition. The surface was worn away 
to a fair depth, but the character of the partial disintegra- 
tion was quite distinct from that previously noted about the 
steam inlets. 

Discussion.—(1) Condition of silica bricks near top of 
retort. 

It is probable that the temperature of the retort face 
under normal working conditions is such, that any rapid 
fluctuation which may take place, due to varying moisture 
content or irregular working of the coal, would bring the 
silica within the critical temperature range in which con- 
siderable reversible expansion and contraction take place 
for a comparatively small rise and fall in temperature. 

At the top of the retort the firebrick masonry is not 
eroded in the slightest degree ; but it should be remembered 
that the first course in the silica zone coincides with the 
uppermost combustion chamber. 

The fact that the erosion in the firebrick work was 
general around the steam nostrils, suggests that there is a 
close connection between steaming and erosion. The 
defective surfaces below are probably due to the abrasive 
action of the descending coke. 

The following data were kindly supplied by Mr. W. J. 
Smith, Gas Engineer and Manager :— 

Fuel Used.—Lancashire coking coal. 

Moisture Content.—3 to 5 p.ct. 

Retort in Use.—Nov. 15, 1921, to Feb. 3, 1924. 5500 

tons fuel carbonized during 811 actual working days. 

Steaming.—No direct measurements. Tests with waste- 
heat boiler on an adjacent setting would indicate 
that about 450 Ibs. steam at 550° are admitted per 
ton of coal carbonized. 

Hanging.—Trouble of hanging changes occurred at more 
or less frequent intervals: thought to depend on 
(1) quality of coal, (2) speed of throughput, (3) con- 
dition of retort (scurfing), (4) heats, (5) degree of 
steaming. 

Scurfing.—Silica retorts appear to grow carbon quicker 
and require scurfing more frequently than fireclay 
vertical retorts; carbon is just as easily burnt 
off. 

Considering the throughput and the general methods 
of working, involving, as they do, combustion chamber 
temperatures in the silica zone ranging from 1150° to 
1380°, the behaviour of the silica refractories has been 
abnormally good; they will doubtless, with a few slight 
repairs, have a considerable life. 


C.—DRAKEs, LTD. 


Mr. Cartledge, of the Congleton Gas-Works, kindly 
gave the author permission to visit his plant. It consists 
of 12 3-ton retorts of which at the time of my visit, 


5 were being used for gas making, 

4 were “ standing by ” on low heat, 

3 were shut down and cleaned out. 
The installation has worked only during the last winter, 
and the two retorts examined had been gas making for 
40 days. 

It may seem an unusual procedure to report on two 
plants after extended runs and then to discuss the condition 
of one which has been running for a few weeks only. 
However, my object on this occasion was to ascertain 
the effect which comparatively rapid cooling has in vertical 
silica constructions. ‘‘ A6” silica blocks were used in the 
central portion of the setting and combustion arches, 
Stourbridge fireclay bricks and blocks in the cooler zones 
at the top and bottom respectively. The silica refractories, 
apart from a few cracked blocks, were in excellent condition. 
I was very interested to find that, in the regions near the 
centre of the silica zones, there were a number of blocks 





regularly pitted across the whole section. It was not 


which undoubtedly exhibited cooling cracks, since the 
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edges of the cracks were quite clean and free from the 
usual dark coloration present in older fractures. 

Fiveclay.—The fireclay refractories were showing signs 
of erosion, the appearance (not the extent)"being similar 
to that described in the note on the Bolton plant. The 
appearance of one block was very unusual. - During the 
firing in the oven a portion of the surface had been slogged, 
either from impurities in clay or from ash in the fuel. 
This denser portion was standing out in relief while the 
surrounding parts were eroded away. This suggests that 
texture and density play an important part in the resistance 
to erosion. 

Mr. Cartledge stated that the temperature in the various 
zones of the setting ranged from 1050° to 1380°. My 
own pyrometric readings confirmed this information. No 
figures were available as to the extent of the steaming. 

DEssAU VERTICAL RETORT. 


The installation at Taunton is an adaptation of the 
Dessau intermittent retort. Silica bricks “‘ A3” were used 
in the chamber and cross walls. The retorts, which are 
3 ft. 3 in. by 10 in. at the top, 4 ft. by 17 in. at the 
bottom, and 14 ft. in length, are buil tof the same silica 
material. 

Fuel carbonized—Somerset smalls. 

Weight of charge-——17 cwt. 

Carbonizing period.—\2 hours. 

Worked for 370 days. 

Present condition very good. 


Mr. Harris states that the introduction of silica has 
enabled him to speed-up the rate of carbonization con- 
siderably. 

CHAMBER OVEN. 

The following data concerning town-gas chamber-oven 
practice have been supplied by Messrs. Koppers. The 
information has been included because it is quite likely 
that similar carbonizing methods may be tested out -in 
Great Britain in large installations. 

1.—Oven Dimensions :—Height, 10 ft. 10 in., length, 
23 ft. 84 in., width, 134 in. The dimensions for the largest 
ovens are :—Height, 12 ft. 6 in, length, 20 ft. 8 in., width, 
16ft. A narrow oven of slightly smaller capacity has the 
following dimensions :—Height, 12 ft., length, 42 ft. 2} in., 
width, 14 ft. 

2.—Motsture in Coal :—The coals used in the coke plants 
contain, on an average, from 3 to 5 p.ct.. moisture, but 
run as high as 12 p.ct. when washed coal is used. 

3.—Chlorine in Coal :—As chlorine has no marked 
destructive action on silica bricks, the coals are not generally 
analyzed for chlorine. The chlorine content, where it has 
been determined, is very low in American coals. In coals 
mined close to the seashore, in Nova Scotia, the chlorine 
content was found to be 0°05 p.ct. This is high com- 
pared with the usual American coals. 

4.—Size of Coal :—At some plants the coal is crushed 
in a Bradford breaker, to 1}-in. size, and thén charged to 
the ovens. In other plants the 1} in size is pulverized so 
that 80 p.ct. passes through 3-in. aperture. Pulverization 
is always applied when different kinds of coal are being 
mixed. 

5.—English Tons per Charge :—The ovens mentioned in 
paragraph 1 have a capacity of 6°14 and 13°5 tons respec- 
tively (1 ton = 2240 lbs.). 

6.—Method of Charging :—No stamping is being used. 
The coal is always charged from a larry car, through holes 
in the top of the oven chamber. 

7.—Free Space Above Charge in Oven :—Approximately 
10 in. 

8.—Distribution of Temperature on Flue Side—Top to 
Bottom :—1320° at top ; 1395° at bottom. 

This temperature is regulated to suit the particular kind 
of coal which is being carbonized. 

9.—Time of Carbonization :—A good average figure is 
12 hours coking time for a 14~-in. Becker oven. One 
of the installations of 14-in. Becker ovens is running 
continually on 11 hour 5 minute net coking time with a 
flue temperature of 1350°C. We have no comparative 
figures in regard to coking time in fireclay or semi-silica 
ovens, as that type of construction has been entirely 
abandoned over here. Only silica ovens are now}being 
constructed, and all ovens now being built in the States 
are of the Becker Type. 








10.—Corrosion :—None. 
11.—Temperature of Charge at Conclusion of Carboniza- 
tion: 980°—1040°C. 
12.—Analysis of Gas :—The analysis of the gas varies 
greatly according to the kind of coal used. The following 
may be considered representative. 
Nu, oH, G CO .@M, 


CH, CH. GH 











60 473 O03 68 22 339 24 Ii 


Volume pact. 

13.—Life of Oven :—Some of our plants have been in 

continuous operation for 15 years without any repairs 

to the brickwork, and are still running. We are therefore 

not in a position to tell the life of silica ovens. One plant 

has to date carbonized 100,000 tons per oven, and is stil] 
in first-class condition. 


APPENDIX. 


Notes on Micro-STRUCTURE OF RETORTS DESCRIBED IN 
THE FOREGOING PAPER. 


By A. Scott, D.Sc., M.A. 


Micro-structure of used and unused Refractories :—Several 
of the materials described in this paper have been sectioned, 
and brief notes on the micro-structure, both of the used 
and unused retorts are given below :— 

A2N.—tThis material is composed of fragments of rock 
in a dark fine-grained matrix, which contains isolated 
crystals of quartz. Only the minute crystals have under- 
gone conversion, all the coarser material still being in the 
low-temperature form, except round the margins where 
there is a peripheral development of crystobalite. The 
total amount of conversion is about 30 to 40 p.ct., but 
the converted material is so finely ground as to make it 
impossible to ascertain its exact nature ; much of it seems 
to be crystobalite. Some of the coarser rock fragments 
are highly converted, and seem to be of the nature of 
prefired grog. 

A3.—This material consists of sharp fragments of a 
fine-grained ganister-like rock in a matrix which has under- 
gone a fairly high degree of conversion. The grain-size 
of the quartz crystals in the rock fragments is comparatively 
small, for partial conversion to crystobalite has occurred 
round the margins of each crystal where the proportion 
of quartz is low. This mineral forms a large proportion 
of the matrix. However, here and there areas occur com- 
posed apparently of a mineral with considerable double 
refraction, and resembling the calcium silicate wollastonite. 
The proportion of unconverted quartz is of the order of 
35 to 40 p.ct. 

A6.—In this material the rock fragments are much more 
altered than in either of the preceding cases, and contain 
appreciable amounts of crystobalite. The matrix consists 
of a dark semi-opaque glass containing an abundance of 
minute crystals of crystobalite, no tridymite being present 
in the section. The proportion of quartz in the material, 
as a whole, is of the order of 15 to 20 p.ct. 

A7N.—This material consists of angular fragments set 
in a double refracting matrix. The rock fragments show 
practically no trace of residual quartz, but are entirely 
composed of crystobalite except round the margins where, 
occasionally, crystals of tridymite can be detected. The 
matrix contains a certain amount of clear material, but 1s 
apparently mainly tridymite. The brick, as a whole, has 
undergone a high amount of conversion to the high-tem- 
perature forms of silica, and seems to have been very well 
fired. The amount of unchanged quartz in negligibly low. 

B3.—This material consists of minute sub-angular grains 
of quartz in a dark matrix in which it is difficult to dis 
tinguish anything. The quartz grains themselves have 
undergone a partial change around the margin, but the 
proportion of this mineral is still fairly high and approxr 
mates to 60 p.ct. : 

BI2C.—This is a piece of the siliceous material from 
the combustion chamber of a retort-setting. Several! very 
definite layers can be distinguished under the microscope. 
On the outside there is a black, apparently opaque layet 
about 1 mm. thick and containing comparatively few pore 
spaces. There is then a layer of black material with 
comparatively large pores, this layer being not quie % 
opaque as the margin, and having a thickness of approxl 
mately 3mm. Next is a wider layer about 2 to 3 mm. 
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Fig. 14.—Micro-section of Retort A2 showing isolated quartz grains 
in a converted matrix. 





Fig. |15.—Micro-section of A3 showing regular fragments containing 
quartz and set in a dark grouod mass. 








Fig. 16.—Micro-section of A6 showing higher degree of conversion 
than above figures. 





7.—Micro-section of A7. No trace of quartz can be distin- 
guished, the mass of the material being crystcbalite, 








Fig. 18.—Micro-section of B3 showing clear quartz grains in a matrix 
which is partly opaque jmaterial and partly crystobalite. 








Fig. 19.—Photograph of dark margins of A12 showing needles of silli- 
manite in the opaque'glass together with‘tridymite in the light area. 











Fig. 20.—Photograph of A12 showing numerous wedge-shaped crys- 
tals of tridymite in the area next to the dark band. 

















Fig. 21.--Glassy areajin ‘Retort No. A12 mainly composed of mirute 
crystobalite, 
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thickness which appears to be a clear glass except where 
it is in contact with the black along its margin. The 
white layer seems more opaque and contains numerous 
small white fragments. Beyond the white layer is a 
reddish layer forming the main mass of the brick. 
Under the microscope, the dense black area is seen to 
consistlof a dark opaque glass, the opacity of which 
varies in different parts of the section. In this glass can 
be distinguished numerous cuboidal and octagonal frag- 
ments of a black opaque mineral which seems to be a 

















Fig. 22,—Main portion of used Retort A12 consisting of fine-grained 
tridymite in a dark matrix which is diminished by foreign material. 





Fig. 23.—Photograph of Retort AIC showing development of coarse 
tridymite in a material which is completely converted, no trace of 
quartz grains being visible. 





Fig. 24.—AIR. Conversion in this case has been partial and a core of 
quartz can be detected in each grain, the margin of the grain being 
crystobalite. 


spinel, the crystals of which are surrounded by an area 
of clear glass. It is probable that the opacity of the rest 
of the material is due to the presence of minute crystallites 
of spinel material. 

The opacity of natural glasses is often similarly ex- 
plained by the presence of innumerable minute crystallites 
in a clear glass. The porous area, under the microscope, 
consists of two types of material : 

(1) A-similar glass which also contains elongated crystals 

which seem to be sillimanite. : 
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(2) The other portion of this dark area is itself com. 
posed entirely of well-shaped crystals of tridymite 
in a blackish matrix. It is of the same nature as 
the portion already described. The  tridymite 
crystals are large, and show the typical wedge and 
lath-shaped appearance. Black, spinel crystals, 
which seem to be mainly magnetite, occur through- 
out this area. 


Occasionally, large fragments of clear material occur in 
the dark area, and this seems to be composed partly of 
crystobalite and partly of tridymite. They seem to 
represent fragments of rock which have undergone con- 
version in the use of the material. The dark area gradually 
fades into the clear material already described as being 
adjacent to it. The margin of this clear material is highly 
porous, and consists of tridymite in a clear glass ; but the 
main mass of the white area seems to be composed of 
very minute crystals of tridymite containing local areas 
of crystobalite. The latter probably represents recently 
converted quartz grains. The amount of foreign material 
in this part of the brick is comparatively slight. Inter- 
spersed amongst the tridymite can be seen numerous 
minute crystals which are probably crystobalite. A 
partial analysis of this material has been made and the 
composition is as follows: 


SiO, 88°64 
Ty. 0°62 
Al,O; :°. 8°06 
Fe.0, 0°68 
CaO 0°76 


From this composition it might be expected that the 
material consists of a form of silica together with a certain 
amount of sillimanite, and this is what is actually found. 
The major portion of the brick consists of a fine ground 
aggregation of tridymite with numerous areas of crysto- 
balite, the whole forming a fine-grained mass in which 
the original rock fragments can still be distinguished, and 
into which occasionally foreign material seems to have 
penetrated. Microscopically, this part is sharply delineated 
from the clear area above mentioned. The crystobalite 
here undoubtedly represents converted fragments of rock, 
while numerous isolated grains which have likewise recently 
undergone a change can also be seen. No trace, however, 
of residual quartz is found even at a distance of more than 
4 mm. from the black edge. 

AIR.—This material is a piece taken from the inside of 
a retort which had been in use for about 2000 days. It 
is difficult to distinguish the original rock fragments, and 
the sample now shows rounded crystals of quartz set in 
a dark matrix. The quartz crystals are surrounded by 
a layer of a material which seems to be composed of 
crystobalite, and which undoubtedly represents the trans- 
formed margins of the original quartz. The matrix 
seems to be mainly crystobalite, although a number of 
minute crystals of tridymite can also be distinguished. 
An amount of black opaque material has penetrated the 
ground mass between the quartz grains, but the latter 
are quite unaffected by it. The proportion of residual 
quartz is small and probably equal to about 8 to 12 p.ct. 

AIC.—tThis is a piece of the same material taken from 
the combustion side of the retort, after having been in 
use for a similar period. In this case, the quartz has 
entirely disappeared, and it is impossible even to delineate 
the original rock fragments. The material consists mainly 
of large, well-developed crystals of tridymite together 
with rounded grains with very low double refraction. 
Locally, in the isotropic ground mass, which seems t0 
consist of glass, wedge-shaped twins of tridymite are 
frequent. The rounded grains with the low double refrac- 
tion are apparently composed of minute crystals of cryst0- 
balite, and represent quartz crystals which have undergone 
conversion during the use of the material in the setting. 
Similarly the coarse aggregates of tridymite throughout 
the piece are due to the transformation of the matrix 
from crystobalite to its present form. 





After giving a summary of the paper, Mr. Emery described a 
number of samples which he had brought to the meeting. 
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REPORT OF REFRACTORY MATERIALS JOINT RESEARCH COMMITTEE. 


INTRODUCTION. having the same texture, specific gravity, etc., were 
; , satisfactory. The good bricks had a cold crushing strength 
The Committee are glad to be able to present further | of 3000 Ibs. per sq. inch, while that of the stored bricks 
communications recording work done by the British | was only 2200 Ibs. per sq. inch. The bricks in both tests 
Refractories Research Association,* which is of interest to | were dry and were placed on end in the testing machine, 
the gas industry. Much more research is still needed to | the ends being previously made plane and parallel. 
produce results in the form of goods capable of enduring | Qbservations have been made on two batches of com- 
the high temperatures towards which practice is tending. | mercial silica bricks, one of coarse texture and the other 
The Association appears, however, now to be getting into | of moderately fine texture. The fresh bricks had the follow- 


more effective work. ing chemical composition and physical properties : 
The communication by Mr. A. J. Dale on the relation : P PhY atid 


between composition and refractoriness under load repre- | ....__ Coarse textured brick. Fine — 
sents a large amount of work, although the research is still reer - Ke “te = rr " 
incomplete. The same remark applies to the work of | Iron oxide .. th O79 0-88 

Mr. S. R. Hind on the purification of fireclays, which, | Titanium oxide .. .. 0-21 0-31 

though not immediately bringing about any striking me. co to pent ce 
advance, should prepare the way for improvements in the | AiSties (asK,0) ..  .. 046 0-51 


methods of manufacturers for dealing with the clays at napa 
their disposal. 99-91 99-94 
The work of Messrs. Hugill and Rees on the effect of 


repeated burning of lime-bonded silica bricks shows that | APParent density... 97 so 
prolonged “‘ soaking ’’ of the bricks in the kiln increases | Porosity 4h re ~ 25%, 

their strength by completing changes in the allotropic | Refractoriness +» +s Cone 33 Cone 32 
form of the silica which should not be left to occur in the | Average | Cold crushing =) - 

gas-works furnaces. We are promised a further communica- al pias + Ore | Se ~~ _ 


tion on this subject. Tests on silica bricks which have been | 
kept in stock emphasize the necessity of care in the storage | Twelve bricks of each batch were then placed in the open, 
of bricks of this class, which suffer considerably by exposure | unprotected from the weather, for the months February to 
to weather. May. (Snow in the early part of this period and frequent 

Dr. Mellor contributes the first portion of a paper on the | rainy and windy days.) Bricks from each batch were also 
causes of variation in the sizes of refractories, a subject | stored under approximately the same temperature condi- 
which is of particular importance where bricks and blocks | tions, but protected from the weather, and a further batch 
are used to form gas-tight joints in retorts and regenera- | was placed in a warmed store-room. 


tors. The mechanical strength of these batches of bricks at 
While for some purposes—e.g., the walls of retorts and | the end of the four months was : 
the interior of regenerators—a higher-conductivity material | Coarse —_— Fine 
is desired, there has of recent years been an increasing — texture 
Ss. per sq. in. 


demand for a heat-resisting material of low thermal con- | Unprotected from weather (average of 3 bricks) 1400 2150 
ductivity to reduce the loss of heat from the settings. This | Protected aa an ge 2100 2600 
is especially emphasized where a use for the surplus heat | Kept in store-room - laa o 2350 2900 
is being found by waste-heat boilers. In this connection, | oe ees dri bine 
there are communications by Mr. A. T. Green, representing | i ces tae ponte ol open showed no 
a large amount of work, on the conditions affecting the ' . ; . = . ¥ 
th hg : . : external signs of deterioration, but on several of the coarse 
ermal conductivity of firebrick. This was one of the : , age “ever: 
directi - ; eer textured bricks there was slight surface crumbling. Examin- 
ections in which the Institution requested that research | | ;.  Geactuees chewed A eke rigsies in ti 
should be conducted. | — ng Me reer oo ie gon tay ent r “ar mg R = 
It is hoped that the publication of these and other | — Ad he agh —_ va 5 np ene Ay I ti aa 
f Sai mediet iitti -anamelinnd to | SPalling tests were made by alternately slowly heating the 
a | ensnion 4 a egypt ag: ta . rs ae , 4 bricks to 1350° C.; upon subsequently placing them on a 
material 6 sity for improve’ ' cold iron plate, a much increased spalling tendency in the 


| unprotected bricks was indicated. Chemical analyses of the 

diane ™ —— | stored bricks indicated no appreciable change in chemical 

(A) NOTE ON THE STORAGE OF SILICA composition in any of the batches. These observations 

REFRACTORIES. | emphasize the importance of adequately protecting silica 

W. J. Rees, B.Sc.Tech., F.L.C. bricks during storage. In order further to investigate this 

7," a Mo : loss of strength, a number of briquettes were made from 

Care is usually exercised in the storage of bricks or other | selected Totley ganister bonded with 2 per cent. of lime. 

refractory goods made from silica. Cases of considerable | The grading of the batches was as follows: A giving 
alteration in the physical behaviour (particularly the | coarse-textured and B fine-textured briquettes. 

mechanical strength and spalling tendency) of silica bricks 


: : aap A B 
whic ; ; 
hich have been stored under unsuitable conditions have Passing 5 mesh but retained on 10 mesh 20% 10% by weight 
occasionally come under my notice. For instance, a batch one: 1 me <a ac ae ci ae tg Sees 
of silica bricks which had been stored in the open for six — =e bi 2 ag ae ae 20% 20% 4 
months (October to April) spalled badly in use, while eee a » 120, 25% 20% » » 
( Pp ) Pp y : Through 120 mesh .. ~ oe a SP 


normal freshly delivered bricks of the same make, and 





The average chemical analysis of the burned briquettes 
| g | 


{hese communications which follow are published with the permission of the | WaS :— 


Committee of the Privy Council for Scientific and Industrial Research. They Silica 95-719 
comprise : 6 sk aly i “m * ® —- 4 
(4) Note on the Storage of Silica Refractories, by Mr. W. J. Rees, B.Sc.Tech., F.1.C. Alumina ae o« ve “ re 0-84 
(0) The Relation between Ordinary Refractoriness, Under-load Refractoriness, and | Iron Oxide .. eo oe o° os 0-51 
— Physical and Chemical, of Refractory Material, Part I.. by Mr. | Titanium Oxide 0-22 
: A. J. Dale. “see F > se cs a one 
(c) Note on Refractoriness under Load, by Dr, J. W. Mellor. | Lime .. “* oe oo s om 2-04 
\d Sedimeatation as a Means ¢ Purifying Clay, by Mr. S. R. Hind, B.Sc. | Magnesia = oad is oe ‘a 0-16 
\°) she Effect o epeated Burning on the Structure and Properties of Lime- cali ( F ° 
bonded Silica Bricks, Part I, by Mr, W. Hugill, B.Met,, and Mr. W. J. Rees, Alkalies (as K,O)  -. = nts : 
3.Sc., F.LC, ae To = 
(/) Some Causes in the Variation of the Sizes of Refractories —Bricks and._Blocks, 99°89 
_. Part I., by Dr. J. W. Mellor. 
{g) Yhe Thermal Conductivity and some other Properties of two Commercial ws “smate cize > -} sttes TAS 
Heat-insulating Bricks used in Kiln Construction, by Mr. A. ‘I’, Green. The approximate , size . of the burned br iquettes — 


(i) 7 ng eo 3 of Texture on the Transmission of Heat through Fire-bricks, by 120 mm. x28 mm. X 15 mm., and the weight 90 grammes. 
Mr, A, T. Green. 


t Bulletin 2, p.8 B.R.R.A., Jan., 1923. Batches of the briquettes were burned in a gas-fired labora- 
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tory furnace at 1300° C., 1400° C., and 1500° C. Briquettes 
of each grade and each burning were then treated 


(a) By boiling in distilled water for six hours, the water 
being then evaporated to dryness in a platinum 
basin and the residue weighed and analyzed. (Blank 


boilings, etc., were conducted in similar vessels as a 
check.) 


(0) By soaking for one week in cold distilled water ; the 


water being then evaporated and the residue weighed 
and analyzed. 


(c) By supporting horizontally (the supports being under 
the extreme ends of the briquettes) in a glass vessel 
with free circulation of air, but protected from dust, 
and spraying to saturation with distilled water 
twice daily for forty days. The drainage from the 
briquettes was evaporated, weighed and analyzed. 


(d) The mechanical strength of the treated and untreated 
briquettes was compared by compression on edge in 
a Brinell machine. 
The following are the results of these tests : 


A.—Coarse-texture briquettes burned at 1300° C. 
Powder density 2°49. Cold-crushing strength 600 Ibs. 














per sq. inch. 

Wt. in grammes o dissolved material. A 

Cold- tr. 

Treatment = in ord in. 

Total CaO __—|:«CAikaiies Al,O3 

Boiled a -025 ‘018 -004 ‘003 500 
Soaked b 024 | -016 “004 -004 500 
Sprayedc ..| -018 012 003 003 400 





B.—Fine texture briquettes burned at 1300° C. 
Powder density 2°48. Cold-crushing strength 650 Ibs. 








per sq. inch. 
Senitiieian Wt. in grammes of — material. __| Cold-crushing str. 
| Total CaO iii Lam | oe 
Boiled a ..| -033 022 004 006 500 
-Soaked 0b ..| -029 -022 -002 -005 500 
Sprayed c ..| -022 -016 002 004 450 


A.—Briquettes burned at 1400° C. 
Powder density 2°42. Cold-crushing strength 650 lbs. 
per sq. inch. 





Wt. in grammes of dissolved material. ni 
Treatment sweetest : Cold-crushing str. 


| in Ibs. per sq. in. 





Total CaO Alkalies | AlgOg 
Boiled a. | 021 -009 005 “006 500 
Soaked b..| -012 006 002 -004 480 
Sprayed ¢ 007 002 003 450 


++} “012 





B.—Briquettes burned at 1400° C. 


Powder density 2°41. Cold crushing strength 700 Ibs. 
per sq. inch. 


ro . = valk | 
Wt. in grammes womens ane. Cold-crushing str. 








Treatment |— : : ; 
Total CaO Alkalies | AlsO3 | ae yr ey 
Boiled a..| 025 ‘012 -006 -007 550 
Soaked b.. ‘016 ‘009 -002 005 | 550 
Sprayed c ..| ‘010 005 002 003 | 450 


A.—Briquettes burned at 1500° C. 


Powder density 2°35. Cold-crushing strength 700 lbs. 
per sq. inch. 


eile Wt. in grammes of dissolved material | Cold-crushing str. 


in Ibs. per sq. in. 








| 
| 
| 
| Total 
| 
} 


CaO Alkalies AlgO3 
Boiled @ oe -009 -005 -002 002 600 
Seaked b ..| :007 005 nil 002 | 650 
Sprayed c ..| *007 005 nil 002 | - 550 





B.—Briquettes burned at 1500°C. 


Powder density 2°33. Cold-crushing strength 750 lbs, 
per sq. inch. 


Wt. in grammes of dissolved material. 











Treatment nt) xt a Str, 
Total cao | Alkalies | AlgOg_ | humee §q. dn, 
Boiled a... -Oll 007 | = -002 002 | 600 
Soaked b.. -008 005 | nil 003 | 601 
Sprayed ¢ 005 004 | nil 001 550 


| 





The separation of the dissolved material into CaO, alkalies 
and Al,O, is approximate; the Al,O; contains a little 
silica and iron oxide. 

There are definite indications that the loss in strength of 
silica bricks exposed to weather is in part due to a slight 
degradation of the bond by hydration and solution in water, 
as well as to the physical effect of frequent wetting and 
drying. 

In these tests there is little or no distinction in the 
behaviour of the coarse and fine textured briquettes, but 
in both cases the briquettes burned at higher temperatures 
were more resistant to the water attack. The loss in strength 
was in all cases more marked with the long exposure to 
moisture in test c. This test is an approximation to the 
storing of bricks, without protection, in the open, and 
further emphasizes the need for suitable protection of silica 
bricks during storage. 

I am indebted to Mr. P. M. Robinson, M.Met., for 
assistance in carrying out the experimental work and 
making observations. 

Department of Refractory Materials, 
University of Sheffield. November, 192). 


(B) THE RELATION BETWEEN ORDINARY RE- 
FRACTORINESS, UNDER-LOAD REFRACTORINESS, 
AND COMPOSITION, PHYSICAL AND CHEMICAL, 
OF REFRACTORY MATERIAL.—PART I. 
A. J. DALE. 
INTRODUCTION. 


The influence of load on the softening point of refractories 
has been the subject of a considerable number of papers, 
among which may be mentioned the reports of Mellor and 
Moore’, Mellor and Emery*, and Emery and Bradshaw’. 

The first-named authors devised the method at present 
in use in this country for testing refractory material under 
load, and arrived at sundry conclusions regarding the 
behaviour of fireclay and silica materials. A consideration 
of the classified results,} showing analyses, ordinary 
refractoriness, and under-load refractoriness of 62 commer- 
cial products, while not leading to any rigid generalization, 


+200, 
VOW 





\ 





Difference between Tests in® 
o 
Cc 














100% Quartz 120% Clay Subst. 


Fig. 1. 


affords confirmation of the conclusions previously reached 
by Mellor and Moore, and later by Emery and Bradshaw, 
that, generally speaking, the more aluminous the refraciory, 
the greater the difference between the normal softening 
point and the breakdown point under load at high tempera- 
tures. 

The following tabulation is arranged in descending order 
of silica content. An unsuccessful attempt was made to 
correlate the SiO,, Al,O,, and total fluxes by means of a 
triangular diagram. 





* Bulletin 5, p. 21, B.R.R.A., Dec., 1923. 

+t Iamindebted to Dr. J. W. Mellor for these data. Regarding the results of the under! pad 
refractory test, Dr. Mellor states that in these tests, no distinction had bec made 
between a break-down by softening and a break-down by rupture, nor is any account 
taken of the variations in grain size and proporti 


of grog, methods of manufacture, 
etc. 
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88-98 
84-10 


83:27 


82-98 
81-16 


79°36 


79-36 


70-23 


66:86 
65°20 
63-56 


62-62 
61-76 


61-55 
61-26 


61-22 


59:90 2-2 


59°80 


59°74 
58°04 
58-78 


97°72 


57°45 
57-28 


5662 





Clay | Fels. Qrtz. 


P| 
‘MgO {CaOj ,K20, Na 
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iff. Remarks. 


Cones 
3-4 After Expansion 0-15% 








6 After Expansion 0-15% 








After Expansion 0-06% 





2 After Expansion 0-12% 


1 After Expansion cone 12, 2 brs., 0-015% 








3 After Expansion cone 12, 2 brs., 0-11% 








1 No change. Cone 12, 2 hrs. 
1-2 After Expansion 0-12% 





15 After Expansion 0-53% 
5 After Expansion Cone 14, 2 hrs., 0-09% 





6-7 After Expansion 0-135% 





7 After Contraction 0-02% 





11 After Expansion 0-09% 


/0 





6-7. After Expansion Cone 12, 2 hrs., 026% 








6 After Contraction 0°25% 








6 After Contraction 0-075% 





After Contraction 0-17% 





12 After Contraction nil. 





8 After Contraction 0-26% 








7 After Contraction 0.07% 





ll No change. Cone 12, 2 hrs. 





8 After Contraction 0-72% 





13 Atter Contraction 0-72% 


8-9 After Contraction 1°62% 


11 After Contraction 0°30% 





10-11 After Contraction nil. 


10-11 After Contraction 0-17% 





9-10 After Contraction 0 27% 





11 After Contraction nil. 


9-10 








8-9 After Contraction nil. 

















9-10 After Contraction nil. 








ao 






































| 0-29 10036 90°75 








*9 After Contraction 0°35% 


il 


———-——__—_ —--- - ——,-— —— 








7 12-13 No Change. Cone 14, 2 hrs. 


493 053 292 O81 
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There appears, however, to be an approximate relation- 
ship between the quartz and clay content (from calculated 
rational analyses) and the difference between the ordinary 
and under-load refractoriness (Fig. 1). 

This is to be expected since the quartz-clay ratio is 
dependent to a large extent on the SiO, content. 

(Results of a further consideration of these data will be 
included in a later report). 


Under-load Refractory Test.—Present Procedure. 


The present method of carrying out the refractory test 
under load is described in a previous paper by Dr. Mellor‘. 


In practice, the material being tested is usually reported as | 


failing under a known load, at that cone which has just 
fallen when the test piece itself has undergone a contraction 
of 7/12 in. ; generally speaking, this degree of contraction 
does not take place until complete failure at the test piece 
has occurred. The result of the test, therefore, marks the 
temperature (in cones) of complete failure. 


Furnace Modifications. 


At the onset of this work, the external fittings of the 
present type of furnace were modified, at Dr. Mellor’s 
request, with a view to 


(a) Ensuring verticality of the applied load, and eliminat- 
ing the possibility of shearing forces acting on the 
test piece. 


(b) Enabling the behaviour of a refractory, under load 
at elevated temperatures, to be followed. 


a > 


| china-biscuit firings, ground in a jaw-crusher, and sepzrated 
| into four fractions. In all the work included in this report, 
a constant grog grading was used, viz. :— 
ee —— ents) Sale 
Thro’ 4’s on 8's. | Thro’ 8’s on 16's. 





Thro’ 16’s on 30’s.| Thro’ 30’, 
| 


30% | 30%, 30%, 
| 





Mixing, Moulding, &c. 
Mixing and tempering were carried out by hand, and the 
briquettes were slop-moulded in a wooden mould. With 
| each clay used, four sets of briquettes were prepared 
Viz. : 
(1) Straight Clay. 
(2) 20 p.ct. grog content. 
(3) 40 p.ct. grog content. 
(4) 60 p.ct. grog content. 
Firing. 
The whole of the test bricks were fired in a commercial 
kiln to a temperature corresponding to cones 13-14. 


Determinations. 
(1) Ultimate chemical composition and calculated rational 
analysis. 
(2) Relative grain-size composition of raw clays expressed 
as surface factors. 
(3) Porosity and apparent specific gravity. 
(4) True specific gravity. 
(5) Contractions on drying and firing. 
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Pig. 2.—Modified Under-Load Test Furnace. 


The additions consist of :— 


(1) A vertical collar (c) drilled through a horizontal arm 
(A) ; by means of adjusting nuts N, at the extremi- 
ties of this arm, the short thrust rod T passing 
through the collar is easily and rapidly adjusted to 
a vertical position. 

(2) A cup and ball arrangement at B for the transference 


of the thrust from the main lever arm to the thrust 
rod. : 


(3) A graduated, notched aluminium rod, P, 42 in. long, 
supported on a movable knife-edge fulcrum, F. 
Cross-wires placed in a slot at the extremity of this 
rod move over a scale, S. 


By means of this arrangement, vertical movement 
of the test piece (and supports), heated under load, 
may be recorded with a magnification of from 10/1 
to 40/1, according to the position of the fulcrum and 
the relative lengths of the recorder arms. 


Experimental, A.—Fireclays with Fireclay Grog. 


Grog.—Prepared from the clay with which it was to be | 


used, moulded in small pieces, dried and subjected to two 


| (6) Refractoriness.—In cases of doubt, this test was carried 
out in duplicate. 
(7) Behaviour under load at high temperatures. 
ANALYSIS OF RAw MATERIALS. 





| | 
Clay Lab. Mark .. S B Cc | M A 
Silica (SiO.) ..| 64:30 | 50-25 | 47-56 | 46-39 | 43-40 
Titanic Oxide (TiO,)| 1-32 0-91 — | 158 3:35 
Alumina (Al,O;) ..| 21:34 33-26 38-50 | 36-26 36:89 
Ferric Oxide (Fe.O;)| 1-88 1-62 0-62 1-59 0-69 
Magnesia (MgO) ..| 0-51 0-22 0-03 | Trace | Trace 
Lime (CaO) 0-34 0-63 0-29 0-56 0-78 
Potash (KO) --| 1-02 2-66 1-32 0-50 0-50 
Soda (Na,O) --| 0-084 0-50 0:10 | 0-60 0-26 
Loss a | 89 9-79 12:02 | 13-93 | 14:1 
| } 
CALCULATED RATIONAL ANALYSIS. 
Clay ..| 600 |+755 [905 | 816 | 935 
Felspar oo] 65 18-6 8-3 7-2 | 49 
Quartz ..| 36-4 3-1 nil 8-9 | nil 
Ferric Oxide . | 1-88 1-62 0-62 16 0-69 
Lime 0-34 0-63 0-29 0-56 | 0-78 
Excess | excess 
Al,O; Al,Os3 
| 
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PuysIcaAL DATA, 

















% vol. contraction 

(a) Wet—dry True | App. % 

(0) Dry—fired | sp. gr. | sp. gr. | Porosity. 
i | 

(a) (b) | | 
S. Straight clay 21-81 34-06 2-47 2-06 14-79 
5. 20% grog 16-69 23-90 2°55 1-87 26-73 
5. 40% » és 7-08 12-84 2-56 | 1-72 32-28 
5, 60% ,, «| 680 =a 2-55 | 1-72 32-01 
B, Straight clay 29-45 50-98 2-40 2-37 1-14 
B, 20% grog 18:35 40-65 | 2-40 | 2-17 9-94 
B. 40% » 17-74 26-80 2-46 1-92 21-84 
B, 60% 5, 8-20 14-37 2-47 1-82 27-01 
C. Straight clay 11-69 34-87 2-58 1-98 21-8 
C. 20% ” oe 6-10 31:39 | 2-69 1-74 35:47 « 
ay, oe “% 1-80 20-20 2-73 1-61 40-35 
C. 60% a a _ 16-70 2-71 1-61 40-49 
M., Straight clay 11-94 18-32 2-68 2-10 21-64 
M. 20% grog 11-94 6-41 2-65 | 1-91 27-71 
M.40% _,, 4-46 2-33 265 | 1-80 33-53 
M.60% _ ,, very low 2-63 1-71 34-09 
A, Straight clay 9-82 30:08 | 2-75 | 2-03 26-10 
A, 20% +6 oa 6-12 7-81 2.75 | 1-72 37°32 
A, 40% 3 3-14 3:12 | 2-73 1-60 40-10 
4: 0O% « very low | 2-73 |not detd.| not detd. 


) 
Grain-Size Analysis of Raw Clays. 

The raw clays as used, 7.e., ground to pass a 20’s sieve, 
were separated into four fractions by sieving and elutriation. 
The velocity of the water flow during elutriation was 
calculated to carry away particles of diameter 0°01 mms. 
In each case 10 grms. of raw clay were shaken mechanically 
for six hours in water rendered just alkaline by addition 
of a few drops of NH,OH. The weights of the various 


fractions obtained are given below, together with the 
calculated surface factor’. 












































| | 
Stays on | Passes 120’s In Carried | Surface 
120’slawn| on 200’s Elutriator over | factor 
Mean dia.) 423 mm. 0-087 0-042 0063 | 
| | 
eet 0-96 0-45 2°39 8:20 | 237-95 
B..| 0537 0-793 | 3-705 4-92 | 198-14 
Gos.) cml 0-15 1-46 8-39 | 309-46 
M ..| 618 0-86 | 1-87 2-19 93-68 
A ..| 585 0-93 | 1-74 1-98 85-71 
ORDINARY REFRACTORINESS. 
Raw Materials. 
$1 ®t a A 
Cones ..| 20° | 30 #&4| 85 33 >33/34 
C. :.| 1650 | 1670 51770 1730 51740 
FIRED Propucts. (Cones and Approx. °C.). 
Grog a Ss | B | Cc M A 
— | 
Straight | 30 | 31 >35 32 | >35 
clay ..| 1670° 1690° 51770° 1710° | 51770° 
0% ..| 29 31-32 >35 32 | (#85 
| 1650° 1700° >1770° vie? |: +>1770° 
40% ..| 29 32 >35 32-33 | >35 
| 1650° 1710° 51770° 1710° | —>1770° 
og | 
60% ..| 29 32 35 33-34 | 35 
| 1650° 1710° 51770° 1740° | 51770° 
i 
Behaviour of Refractory Material Under Load at Elevated 


Temperatures. 


It was decided, in order to obtain results comparable 
with those previously tabulated in the introduction to this 
Teport, to proceed with the under-load test as at present 
Carried out, following the movement of the test pieces 
from ihe temperature at which thermal expansion ceases. 

In the curves of Series I which follow, linear changes of 
the test piece beyond this temperature are plotted against 
temperature indicated by cones, the heating being stopped 





when the test piece has undergone a contraction of 
approximately }in. Except in the case of the C briquettes, 
this range of subsidence included the point of complete 
failure. 


[Suss. Nore.—With reference to Figs. 3, 4, 5, 6, and 7 
the abscisse represent merely cones. The centigrade 
temperatures should be deleted and corresponding cone 
temperatures inserted. c.f. standard cone-temp. table. | 


Discussion of Curves of Series I. 
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Fig. 4.—Series |. B. 
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gi SOOT FERRE Clara SRNR | (c) Subsidence accompanied by a diagonal plauie of firings, un 
cleavage, similar to the type of break occurring with § 5 cone 2¢ 
7] spi cast iron and timber tested to the breaking point vere treat 
se | PNK | under compressive stress. The cleavage plene js block, pla 
© jg, —_t— a —- —— inclined at about 45° to the horizontal. Obv ously § ommerci: 
on | ‘a | some softening has occurred, for the two portions of f}.q been 
es SET Ss SESE ae the test piece hold together, although in some cases period. 
= WN the top portion is displaced laterally to the extent 
a0 14}. +. _-____ fs rae of 4in., shown by the B and S grogged pieces (except | 
a=] Si ae S 20 p.ct. grog). (Fig. 10). A prel 
. 7. a oe | : = specially 
2 eapenans 20%| Gro Pe | to botton 
BGP RAMS ae at & 2 SACS #0 Ibs. p 
: temperati 
a Ly | is negligible 
C 1200 1300 1400 1500 1600 1700 with the 
Cones 10 i+ i8 26 


Fig. 7.—Series I. A. 


Three conclusions are arrived at from a study of these 

curves, Viz. :— 

(1) For a specific clay heated up under a constant load, 
the temperature at which subsidence commences is 
independent of the grog content. 

(2) With the refractories examined, there is a variable 
range of temperature between the commencement of 
the under-load subsidence and_the point of complete 
failure. 

(3) With one exception (C 60 p.ct. grog),* the tem- 
perature at which complete breakdown under load 
occurs is lower with the grogged bricks than with 
the straight clays. 


Mechanism of Breakdown Under Load. 


From an examination of the various pieces after the test, 
it is concluded that the breakdown of refractory material 
under load at high temperatures may occur in one of three 
ways. 

(a) Straight subsidence. No bulging of test piece. 

Appears to be absolute volume contraction. This 


type of subsidence occurred with the whole of the 
C bricks, which had been shown to possess com- 
paratively high porosities. (Fig. 8). 





Fig. 8. 


(6) Subsidences with bulging of sides of piece accom- 
panied by vertical planes of cleavage. Shown by the 
B, S, and M straight clays; the S 20 p.ct. grog ; 
and the grogged M and A pieces. (Fig. 9), 























Fig. 10. 







Behaviour of Refractory Material Under Load at a 
Fixed Temperature. 


Considering any one of the curves of Series I, it is not 
permissible to conclude that the contraction which has 
occurred when a certain temperature is reached is a measure 
of the contraction which would take place if the piece 
were subjected to prolonged heating at that temperature. 
It is almost certain that the progress of the change pre- 
ceding collapse is dependent not only on temperature 
itself, but also on the time of heating. In order to obtain 
quantitative data concerning linear changes of refractory 
material under a known load at some fixed temperature, 
the under-load test procedure was followed until a tem- 
perature of 1350° C. was attained. Then, by use of a variable 
carbon biscuit resistance, it was comparatively simple to 
keep the temperature at this value for any required time. 

It was further foreseen that the modifications fitted to 
the furnace, and already described, opened up the possi- 
bility of the complete examination of the behaviour of a 
refractory under load at a fixed temperature, in so far as 
it might be possible to obtain— 


(a) A general indication of the progress of thermal 
expansion under load. 

(5) A more exact determination of the temperature at 
which thermal expansion under load ceases. 

(c) An indication of the temperature range in which the 
dimensions of the refractory, under the load test, 
remain more or less constant. 

(d) An indication of the temperature at which contrac 
tion under load commences. 

(ec) A measure of the contraction occurring under !oad at 
a fixed temperature (1350°). 

(f) By measuring the length of the piece before and after 
the test (cooled slowly overnight), by means of 
vernier calipers—a determination of what may be 
termed “‘ after-contraction under load.”’ 


It would only be possible, with the present type 
furnace, to make an absolute determination of the thermal 
expansion under load if the thrust-rod and supports could 
be kept at a constant temperature throughout the test, of 
expanded by a known amount for a known test-piece 
temperature. While neither of these ideal conditions bas, 
as yet, been attained, it has been found possible to prepalt 
a standard test piece and thrust-rod which show a regula! 
thermal expansion up to a test-piece temperature of 
1400°C. Furthermore, the vertical dimensions oi this 
standard test piece and thrust-rod remain almost constaill 
at this temperature for a prolonged period (3 hours). 


Preparation of Standard Test Pieces and Thrust-kod. 


The preparation of the standard test piece was finally 
effected by subjecting a C clay briquette to three successive 
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© off firings, under a load of 75 Ibs. per sq. inch, to a temperature 
With § of cone 26 down. The cylinders comprising the thrust-rod | 
int B were treated in a similar maygner. Both the carborundum 
© IS Bhjock, placed immediately above the test piece, and the 
usly § commercial carbon brick upon which the test piece rests, 
1S of Bhad been in use in another furnace for some considerable 
“ases I period. 

oa Standard Reference Curve. 

A preliminary experiment was carried out with the 
gecially prepared thrust-rod cylinders extending from top 
to bottom of the furnace. This rod, subjected to a load of 
50 Ibs. per sq. inch and a two hours’ heat soaking at a 
temperature of 1300°C. at the test-piece zone, showed 
negligible contraction. A further experiment carried out 
with the standard test piece, heated under a load of 50 
lbs. per sq. inch to a temperature of 1400°C., showed a 
regular thermal expansion. Furthermore, the linear 
dimensions in a vertical direction remained practically 
constant during a three hours’ heat-soaking at this tem- 
perature. 

The results of this determination were plotted, linear 
changes as ordinates, and temperature and time as abscisse, 
and are recorded in the Standard Curve (see graph Series 
Il, Fig. 11). The behaviour of other refractory material 
under load at high temperatures may be compared with 
this curve. 

_; (ae! am ak) Sa ae! - —— 
| | | | Standard Curve | | 
| | . } 
S not . ; | | 
1 has Zn! 3 
asure € LUNE] & | KN 
Piece 2 F 1% 
ature, % IP 7 era a a 
> pre- g —— [Straight Clay | ~, | == 
‘ature St ee a a 
° ~™ 2 7 1 T 
ybtain BS ~- — 40% Gr t | MN. 
ctory —s co | | . Maid 
ateias i 
ature, *C 200 400 600 800 1000 00 1400 Vir 2urs 
tem- Temp. & Time Temp Constant at 1350°C for 2 Hours 
riable Fig. 11.—Series il. S. 
ple to . , : 
me. Discussion of S Curves of Series II. 
ed to # Having formulated a standard reference curve, an 
possl- @ investigation of the behaviour of the S, B, C, M, and A 
r of @ Bstraight clay and grogged briquettes under this modified 
far as Mf test was undertaken. 
The results obtained with the S Series are appended 
ermal @ @taph Series II.), and discussed briefly, as indicating the 
sope and general utility of this new method of in- 
ure at jg Yestigation. 
Results. 
ch the § Temperature readings were obtained by the use of a 
| test, B standardized Pt, Pt.-Rh. couple; the hot junction being 
kept in contact with the centre of a face of the test piece. 
mnitrac- 
Heat Gradient of Thrust-Rod. 
oad at Bt, order to limit the unknown factors as far as possible, 
anes the temperature gradients of the supports, one hour after 
ie" the test piece had assumed a temperature of 1350°C, 
Were taken. 
vay be 
TEMPERATURE GRADIENTS OF THRUST-Rop. 

ype ol | Standard Piece | Straight | $20% S$ 40% | S 60% 
hermal | S| grog grog | grog 
could § | (a) | 
est, or en eck = 1200 1210 | 1210 1200 | 1230 
age 0 tom cylinder .. 190 1195 1185 | 1200 1180 1220 
us has, ath » | o | 7 1030 
us » 4th . 1.| 810-825 825 810 830 | 850 
rene » 5th | 630 640 | 655 | 620 660 | 640 
repare toy - ::| 450 450 | 420 | 420 | 430 | 440 
regular a e :. ‘te ’ “s 
re’ LE.GTH OF PIECES BEFORE AND AFTER TEST (in cms.). 
nstant ; | | | 
roe Straight S | 520% | 540% | S 60% 

Before test 8974 | 912 | 9-01 9-205 
vod. test 8-830 | 892 | 876 8-735 
j After contraction | 
and under load...) 11-60% 219 | 2-65 5-160 
cossive | 


Comparative Contractions at 1350° C. 


The following figures are obtained from the graph, and 
must be understood to indicate only comparative contrac- 
tions occurring at 1350°C. They are to be distinguished 
from the “ After-Contractions under Load” which are 
equal to the contractions occurring at 1350°C., plus a 
further contraction taking place on cooling. 

Contractions at 1350°C. (compared with behaviour of 
standard piece at 1350° C.). 














| Straight S | S 20% grog | S 40% grog ls 60% grog 

ems. ins. | cms. ims. | cms. ins. | cms. ins. 
Comparative contraction at : 
1350° for 2 hrs. ‘ ° 0-20 0-08) 0-28 0-11 0-44 O17) 0-64 0-25 








From a study of the curves of Series II. S, there is 
evidence that, for a clay of the S type, the rate and amount 
of subsidence under load at a fixed temperature is related, 
within limits, to the proportion of grog, 1.e., the greater 
the proportion of grog, the more rapid the subsidence and 
the greater its amount. 

The remaining curves of Series II. will be presented as a 
supplement to this report, together with the results of a 
complete examination of a typical selection of commercial 
firebrick products. 
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(C) NOTE ON REFRACTORINESS UNDER LOAD.,* 
J. W. MELLor,. D.Sc. 


The difficulty in trying to get a relation between the 
physical and chemical characters of a firebrick and its 
squatting temperature under load is partly due to the 
difficulty in distinguishing two distinct types of fracture. 
The two types are illustrated by the appended diagram. 
In one, the brick breaks down mechanically, as illustrated 
below, although the difference is not always so clearly 
defined as this. As the temperature rises, the brick seems 
to pass through a temperature zone where it becomes 
brittle. If it passes through this region safely, then it 
may subsequently squat by the second type of breakdown, 
which is really evidence that the brick is approaching its 
fusion temperature. This type was fully described by 
J. W. Mellor and B. Moore, Trans. Inst. Gas Engineers, 
p. 70, 1916; Tvans. Cer. Soc., 15, 117, 1915. 





























Photographs Illustrating the Two Types of Fracture of Firebricks. 


The results given in the table of Mr. Dale’s paper in 
Bulletin 5, pp. 22-25, illustrate exceedingly well the sort 
of thing we come across in practice. On making further 
enquiries, I have power to say that the extraordinary result 
with Brick No. 11 is connected with the fact that the 
brick had been in use for several months, and was an 
apparently sound brick taken from a dismantled furnace. 
From the fact that it had been in the “ prick” of the 
furnace so long, the brick must have been exceedingly 
well fired, or, as the workman would express it, the brick 
had lost its “ nature ’’ by the prolonged firing. 





* Bulletin 6, p. 6, B.R.R.A., April, 1924. 
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(D) SHORT SUMMARY OF “SEDIMENTATION AS 
A MEANS OF PURIFYING CLAY.’* 


By S. R. Hinp, B.Sc. 


The suitability of a clay for purification by this method 
depends on the concentration of the bulk of the impurities 
in the coarsest fraction. Preliminary weathering is necessary 
with shales. Flint clays are fireclays containing refractory 
fireclay nodules, and are not suitable for treatment. A small 
proportion of deflocculant (sodium carbonate, silicate of 
soda, etc.) is added during or after deflocculation to destroy 
the gelatinous nature of the clay, and to economize in water. 
The various phenomena of deflocculation, coagulation, and 
settling are pointed out, and certain theoretical conceptions 
enunciated. Acidity or alkalinity alone cannot cover the 
facts. The clay grains possess a selective chemical power 
depending on their surface area. Silicate of soda appears 
to stabilize clay suspensions by coating the particles with 
gelatinous silicic acids, thereby masking the normal re- 
actions of the clay. Normal (coagulated and gelatinous) 
clay slips and plastic clay masses contain water in a “ fixed ”’ 
or non-fluid condition, and this is intimately bound up 
with plasticity. The clay appears to act as a semi-permeable 
membrane around this water. Hydrostatic pressure alone 
has a great effect in de-watering clay. 

In the case of a North Staffordshire fireclay, sedimenta- 


tion | 


(1) reduced the percentage of iron, notably without 
eliminating it entirely, having little effect on titania, 
alkalis, and alkaline earths ; 


(2) gave a finer-grained product and in- 


| which would be essentially 


— 


| effect of repeated burning, but his tests were made q 


2-in. cubes burned in a laboratory furnace under condition 
different from those in a com. 
mercial kiln. ° 

To observe the effect of repeated burning on lime-bondej 


| bricks made from Sheffield ganister, a batch of 44 bricks 
| (9 by 43 by 3 in.) was taken without special selection fron 


the ordinary commercial make at the Mooredge Brick. 
works of Messrs. Pickford, Holland, & Co., Ltd. One of the 
raw bricks was broken down and examined for grading 
The grading analysis gave :— 





Through 5 and on 10 mesh sieve 5-8 per cent. by weight 
10 20 Ci, 22:0, 
20 a 7-0 ce 
io ae 40 oe 
40 50 1-7 Pe 
» BO oe 10. ,, 
» ae 30, 
ga ae 4-7 , 
» 90 120, 26-3 
es ee ae: .: 
Through 200 20-7 ss ‘ 
100-0 


” 


The bricks, with distinguishing marks on them, were then 

set together in the kiln. After the first burn, four bricks 

| were ‘put aside for examination, and the remainder wer 

reburned in the next kiln, and so on. In all, eleven re 

burnings were made. No special precautions were observed 
in handling the bricks. 

The following tables and graphs show the results of the 





creased the refractoriness and contrac- 265 


tion on drying and on firing. 





Where the clay was removed electrically 260 
from the slip (osmosis process). no further 


practical improvement could be detected. 2°55 





The osmosis process was found to be very 
costly with the local clay in question. With 


| 
| 


a 
S 





Karlsbad kaolin, the clay forming the purified 
slip fed to the osmosis machines had thesame 


rh 
& 





refractoriness (Cone 35) as, and closely similar 
analysis to, the material obtained from the 
machine. A detailed description of the pro- 


ty 
§ 





cess in use at Karlsbad is available to mem- 
bers of the British Refractories Research 


Powder Density 
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Association. 
Various methods of treating clay, depend- 


ing on its nature and other conditions, are 230 








summarized. It is estimated that treatment 
by settling and filter-pressing would, under 225 









































favourable conditions, cost about 13s. per 0 
ton for a continuous output of 100 tons per No. 
week, and a capital expenditure of about 

£10,000, 5 p.ct. interest being allowed. A definite process 
and cost can only be worked out with a particular clay, 
and with a full knowledge of local conditions. 





(Z) THE EFFECT OF REPEATED BURNING ON THE 
STRUCTURE AND PROPERTIES OF LIME-BONDED 
SILICA BRICKS.+ 


PART I. 


W. HucaIt1, B.Met., AnD W. J. REEs, B.Sc., F.1.C. 


The effect of repeated burning on the properties of silica 
bricks has been previously examined by J. S. McDoweili, 
using lime-bonded bricks made from Medina quartzite. 
He concludes from reburnings carried out on 9 by 44 
by 24 in. bricks in commercial kilns that the uniformity 
of strength of a given lot of bricks diminishes with repeated 
burning ; slightly in compression, considerably in cross- 
breaking. On the first burn, the larger part of the quartz 
was transformed into cristobalite, and on repeated burning 
the remaining quartz was very slowly transformed. The 
cristobalite, at first slowly and later more rapidly, inverted 
to tridymite. The temperature of the burnings was cones 
14-15. D. W. Ross* has also made experiments on the 


* Bulletin 6, p. 28, B.R.R.A., April, 1924. 
+ Bulletin 6, p. 18, B.R.R.A,, April, 1:24. 
1 A study of the silica refractories, J. S. McDowell, Trans. Amer. Inst. Min. Eng., 1917 
® Silica Refractories, Tech. Papers Bureau of Standards, No. 116. 
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of Burns. 
Fig. 1. 


tests made on the bricks. The compression and transvers 
tests were each made on two bricks from each reburn. 


Powder Density—As shown in Table I. and Fig. 1,, the 
major part of the inversion was accomplished in the fist 
burn, but there was a steady decrease in the proportiol 
of unchanged quartz down to the seventh burn. The 
results indicate the importance of the “ soaking ’’ period 
of the burn. It is a reasonable assumption that if, in the 
first burn, the maximum temperature had been held, 
without any increase in temperature, for twice as long 
the powder density would have been at least as low 
that shown for the second burn. 


Volume Changes.—As shown by the mean volumes of tlt 
bricks in Table I., there is very little change in volum 
after the first burn, the linear expansions measured beilf 
negligible. There is a steady fall in porosity down to the 
seventh burn, after which it remains fairly constall 
(Fig. 2). It is evident that, after the first burn, most of the 
inversion has taken place by an interlacing crystallizati0! 
or crystal growth of cristobalite and tridymite m the 
melt. 


Mechanical Strength—The increase in crushing strength 
up to the seventh burn is noteworthy, and the gradu 
increase in toughness after the sixth burn was particular 
noticeable. As shown in Table III. and Fig. 4, there 8’ 


steady increase in the transverse strength up to the fi 
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No. of Burns. 


// 





Temp. ) oF : mf 
Burn ad Dimensions Volume Weight Apparent Powder Porosity 
Burn cms. C.c. gms. density density 
22-3 x10-6 x76 1797 3651 1-87 2640 291 
at 23-27X11-21x7-93 2069 3415 1-65 2-380 30-6 
% b 93-10 x 11-40% 7-94 2091 3495 1-67 2-405 30-48 
22-94 x 11-23 x 7-85 2022 3405 1-68 2-412 30-18 
“Mean Ist Burn 23-10 x 11-28 x 7-91 2061 3438 1-67 2-399 30-42 
; 5x7 505 65. 37 30-29 
15 23-34 x 11-45 x 7-94 2122 3505 1-65 2-370 30:29 
, 23-04 x 11-20 x 7-98 2059 3385 1-65 2-382 30-98) 
23-20 x 11-20 x 7-81 2027 3440 1-68 2-383 29:50 
22-96 x 11-07 x 7-80 1983 3335 1-68 2-380 29-33 
“Mean 2nd Burn. 23-14 x 11-23 x 7-88 2048 3416 1-665 2-379 30-03 
ee Ry 7.87 . x a 66 9.25 29-32 
16 a 23-19 x 11-35 x 7-87 2015 3440 1-66 2 350 29-32 
b 23-06 x 11-38 x 7-87 2065 3490 1-69 2-355 28:25 
c 23-20 x 11-46 x 7-93 2107 3495 1-66 2-352 29-42 
d 22-96 x 11-40 x 7-87 2060 3525 1-70 2-368 28-21 
Mean 3rd Burn .. 23-10 x 11-40 x 7-89 2062 3488 1-68 2-356 28-80 
; en ea ) 7.97 ~ 1007 i ‘on 3 7 25 27-72 
16 a 23-00 x 11-18 X 7°77 1997 3395 1-70 2-352 2 
b 23-26 x 11-38 x 7:96 2107 3540 1-68 2-355 28-66 
c 22-96 x 11-33 x 7-87 2047 3505 1-71 2-355 27-39 
d 23-00 x 11-27 x 7-84 2023 3375 1-66 2-355 29-51 
4th Burn.. 23-06 x 11-29 x 7-86 2044 3454 1-69 2-354 28-32 
; 5 7 ‘ 335 7-62 
16 a 23-10 x 11-29 x 7-78 2029 3420 1-69 2-335 27-62 
b 23-14 x 11-41 x 7-94 2096 3540 1-68 2-328 27-84 
c 23-02 x 11-25 x 7°77 2012 3350 1-67 2-335 28-48 
d 23-00 x 11-30 x 7-82 2032 3410 1-69 2-330 27-47 
5th Burn.. 23-07 x 11-31 x 7-84 2042 3430 1-68 2-332 27-85 
15-16 a 23-16 x 11-52 x 7-90 2108 3560 1-69 2-320 27-16 
b 23-20 x 11-40 x 7-85 2076 3520 1-695 2-315 26-78 
23-21 x 11-39 x 7-77 2054 3465 1-69 2-325 27-44 
6th Burn.. ~ 23-19 x 11-43 x 7-84 2079 3515 1-692 2-320 27-13 
pias 5 5 7 -697 3 26-95 
16 23-04 x 11-09 x 7-77 1985 3370 1-697 2-323 26 
b 93-00% 11-16 x 7-85 2015 3415 1-695 2-322 27-00 
c 23-12 y 11-26 x 7-89 2054 3505 1-706 2-322 26-53 
d 23-20 x 11-40 x 7-90 2089 3495 1-673 2-315 27-73 
7th Burn.. 23-09 x 11-23 x 7-85 2036 3446 1-693 2-320 27-05 
my : 27 55 709 2-317 26-24 
16 23-20 x 11-19 x 7-80 2027 3365 1-709 26 
b 23.03 5 11-31% 7-94 2069 3480 1-682 2-310 27-19 
c 23-19 x 11-30 x 7-76 2032 3440 1-693 2-315 26-87 
d 23-18 x 11-45 x 7-90 2097 3535 1-686 2-315 * 27-17 
8th Burn.. 23-15 %11-31%7:85 2056 3455 1-693 2-314 26-87 
55 6 9.219 27-20 
15-16 23-13 x 11-50 x 7-9% 2109 3550 1-683 2-312 27-2 
i b sae : san x ie 2082 3540 1-700 2-313 26-50 
C 23-18 % 11-43 x 7-85 2080 3485 1-675 2-315 27-64 
d 23-15 x 11-40 % 7-85 2072 3480 1-680 2-315 27-43 
"Mean 9th Burn .. 23-18 % 11-40 x 7-88 2086 3514 i 2-314 enon 
f BSS «ae 5 23-15% 11-10 x 7:68 1974 3370 1-708 2-310 26-06 
44 b a-ak x tae : a 2062 3500 1-699 2-310 26-45 
. 23-1 5x 11-43 % 7-93 2098 3500 1-668 2-312 27-85 
d 23-16% 11-49 © 7-94 2113 3550 1-680 2-312 27-39 
10th Burn 23-15 x 11-33 x 7°87 2062 3480 1689 2311 26-92 
Eyam 23.09 x 11-25 x7-7 2000 3350 1-675 2-310 27-49 
x4 > eppede ss go tat ts 2041 3425 1-679 2-305 27-16 
23-23 < 11-30 x 7-97 2092 3530 1-687 2-310 26-97 
23-19 x 11-30 x 7-80 2044 3435 | 1-680 2-308 27-25 


burn, but from that point the tests are incon- 
clusive. It is likely that the alternate expan- 
sions and contractions in the reburning have 
caused the formation of minute cracks in the 
brick, which would have little effect on the 
resistance of the bricks to crushing loads, but 
would adversely affect their resistance to trans- 
verse loads. There is no doubt from these 
results that lengthening the duration of the 
“ soaking ’’ period of the burn will decidedly 
increase the mechanical strength of the bricks. 

Chemical analyses have been made of, bricks 
from the first and eleventh burn, and? it is 
shown that there is no change in composition 


resulting from the repeated burning of the 
bricks. 
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First Burn Eleventh Burn 

SiO, 95-45 95-55 
TiO, 0-32 0-30 
Al,O; 0-90 1-10 
Fe,O, 0-68 0-70 
CaO 1-85 1-81 
MgO os Ke 0-25 0-31 
Alkalies as K,O .. 0-25 0-22 
Loss on ignition .. 0-22 0-18 
99-92 100-17 








Changes in Structure.—The photomicrographs (Figs. 5 to | 


10) show clearly the changes in structure, and the decrease in 
the size of the quartz grains; the gradual recrystallization 
in the matrix being well shown. After the second burn, 
crystals of tridymite appear in the ground mass, and in the 
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subsequent burns there is a steady increase in the propor- 
tion of tridymite present. After the eleventh burn most of 
the silica is seen to have been inverted to tridymite. a 

Rieke and Endell', in a series of reburnings of silica 
bricks, found that after ten burns the ground mass was 
largely composed of tridymite. It is intended to present 
in Part II. of this note determinations of the relative 
proportions of quartz, tridymite, and cristobalite present in 
the bricks after each burn; the changes in the reversible 
expansion and the refractoriness under load. — 

We desire to express our thanks to Messrs. Pickford, 
Holland, & Co., Ltd., and to Mr. R. Bramall, the Manager 
of the Mooredge Works, for their courtesy in giving facilities 
for this investigation. 





1 Zeits. anorg..Chem., 26, 239, 1913. 
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TABLE II. 
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CRUSHING STRENGTH OF BRICK ON END. 



















































































































































} . : | Crushing | Compression 
Burn Number Dimensions | Area Load Strength 
| ins. | sq. ins. Ibs. Ibs./0” 
i. | 420x300 | 126 | 873-6 69 
1 | @ | 442x311 | 18-75 | 25,209 1835 
__|__> _|_450x313 | 14-08 | 38,505 | 2740 
Mean Ist Burn | 2287 
2 a 451x312 | 1407 | 37,172 | 2042 
a b 4-41 x 3-13 |. 13-80 | 38,650 | 2800 
Mean 2nd Burn | 2721 
— ————————— -- —— - | = —| = 2 ————————_—_ 
3 b 4-48 x 3-10 13:89 | 38,750 2790 
cs d 440x310 | 13-64 | 38,028 | 2724 _ 
Mean 3rd Burn wal | 2757 
—— — = —_——= ———s ——=== 
4 =. | 4-40x 3-06 | 13-46 | 38,180 2836 
|. @ | 4463-10 | 13-83 | 40,107 2900 
Mean 4th Burn | 2868 
—— 5 | ¢ | 448x306 | 13-65 | 40,650 
ERE 445x308 | 13-70 | 37,960 2771 
Mean 5th Burn 2885 
6 a 454x311 | 1412 | 42,370 3001 
b | _449x3-09 | 13:87 | 42/500 | 3064 
Mean 6th Burn | 3032 
~ b 439x309 | 13:57 | 42,067 3100 
a 4493-11 | 13-96 | 42,578 3050 
Mean 7th Burn | 3075 
4 a 4-41x3-07 | 13-54 | 40,620 3000 
i HALE ad ___| 451x311_| 14-03 | 42,090 3000 
Mean 8th Burn | 3000 
—— =—— = —_ — | = . 
9 b 447x3-11 | 13-90 | 41,750 3004 
d 4-49 x 3-09 13-87 | 42,600 3072 
Mean 9th Burn 3038 
10 a 437x302 | 13-20 | 40,000 3030 
naie 450x312 | 14:04 | 42,150 | 3020 
Mean 10th Burn | | 3025 
i d 4-47x3-04 | 1359 | 41,800 3076 
d 443x314 | 13-91 | 41,700 | 2 
Mean 11th Burn | ! 3037 
* Only one brick was used. 
TABLE III. 
TRANSVERSE STRENGTH (distance between knife edges = / = 6 in.) 
Modulus of 
’ : | Load in Rupture 
Burn Number Dimensions | Breadth x | Ibs. wl 
ins. | (depth)? | W. R = 3 
| bd2 
0 = -* | _ <me 
*1 c 4-42x3-09 | 42-20 3220 687 
2 ¢ 445x308 | 4221 | 2300 | 597 
d 4:36x3-08 | 41:36 3080 670 
Mean 2nd Burn 634 
3 a 4-47 x 3-10 42:96 | 2520 528 
Bina c 451x312 | 43-90 2688 588 
Mean 3rd Burn | 588 
4 b 4-48x3-13 | “88 3416 701 
|_ @ | 440x309 | 42-00 2940 630 
Mean 4th Burn | | 615 
5 a 444x306 | 4173 | 4400 | 949 
Be ah 449x313 | 43-99 | 4080 835 
Mean 5th Bum. | ~ | ggg 
ar EE... _¢ | 449x306 | 4204 | 3120 | 668 
7 a 437 x 3-06 4092 | 4320 | 950 
c _4-43x 3-11 42-85 4960 1042 
Mean 7th Burn 996 
8 b 445x313 | 43-60 60 694 
— wl c 4-45x3-05 | 43-59 1760 363 
fe Burn ‘ | | 529 
9 | « 453x322 | 4697 2800 537 
=A oust Si @ 450x309 | 42°00 | 4560 977 
Mean 9th Burn Sia | | 757 
10 i 445x312 | 43°32 | 4000 831 
| @ | 458x312 | 4410 | 92390 474 
Mean 10:h Burn | 653 
Bobi u a 443x330 | 40°67 3230 | 726 














* Only one brick was available, 





(F) SOME CAUSES OF THE VARIATION IN THE 
SIZES OF REFRACTORIES—BRICKS AND BLOCKS,* 


PART I.} 
J. W. MEttor, D.Sc. 


From time to time, complaints are received from users 
about the varying sizes of firebricks. Irregular sizes 
necessitate irregular joints, with the result that too much 
bonding cement has to be used, and this is a notorious 
source of weakness. It is also said that in other countries 
firebricks can be obtained which have been ground true 
to size and shape. A significant omission in these com- 
plaints is the price. The user is not exactly fair when he 
will pay only a “seconds ”’ price, and grumbles if he does 
not receive “ firsts” quality. Any manufacturer would 
grind the bricks to Whitworth dimensions if it were worth 
his while; and a fair price could easily be arranged. 

Putting aside the question of grinding, it is interesting 
to consider some of the more common causes of variations 
in the sizes of firebricks and blocks as they come from the 
kilns. In another branch of our industry, the electrical 
porcelain trade, a manufacturer would accept orders for 
goods made by the semi-dry process, without grinding, of 
dimensions 9 by 44 by 3 in, with a variation of +‘; in. in 
length plus or minus, and the same proportions for the 
other dimensions. If the materials have to be made in a 
plastic clay, the variations acceptable would have to be 
approximately 50 p.ct. greater. These goods are made 
with the purest clays obtainable, by processes of manu- 
facture exceedingly costly in comparison with those em- 
ployed in making firebricks. When “ absolute”’ accuracy is 
required in these industries, grinding has to be employed. 

In a study of the causes of the variations in sizes of 
firebricks, some interesting features have appeared. The 
results emphasize how careful one must be in laying down 
general rules. A mode of treatment which will produce the 
best results with one clay may be the very process to give 
the worst results with another clay. Different clays may 
be compared with different human beings. Just as each 
man requires humouring in -ccord with his temperament 
to get the best results out of him, so does each clay require 
humouring in a special way to get the best from it. 

Nothing is easier than for users to make specifications how 


‘ firebricks should be made and fired, but the application of 


the specification may hinder progress, or even be a retro- 
gression. In illustration, it is not uncommon to hear it 
said thatjevery firebrick should{be fired to cone 10; and a 
user may think that he is getting a super-firebrick or gas- 
retort if he specifies that it must be burned at cone 12 or 
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Firing Tempera cures. 


Fig. 1.—Best Firing Temperature of two Fireclays. 


cone 14. We often hear, too, that some other country is 
ahead of us because they fire at cone 17 or even 18. The 
facts are, that some fireclays will give as good a result when 
fired at cone 4 as other fireclays would give tf fired at cone 14. 
I should be very sorry if this statement were abused by a 
manufacturer firing kilns at cone 4 when they ought to 
be fired at cone 14. 

The statement italicized may need demonstration ; before 
doing so it is necessary to agree on some test. The contrac- 
tion test recommended in the Gas Engineers’ Specification 
is perhaps the best. I have selected two well-known fire- 
clays, for which the contractions have been measured from 









* Bulletin 6, p. 1, B.R.R.A., April, 1924. 
+ Part II. will probably appear in the next Bulletin. 
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time to time on a gradually rising temperature. The results 
are indicated in Fig. 1. Clay A contracts fairly quickly 
between cones 1 and 4; the rate then slackens until, at 
cone 7, contraction has almost ceased, and very little 
change occurs when the firebrick is heated at higher tem- 
peratures—even to cone 20. Clay B, however, is considerably 
underfired at cone 7, and must be fired to nearly cone 14 
to get it in the condition which obtains with clay A at 
cone 7. It is hard luck on a manufacturer who has to deal 
with a clay like B, when his rival is working with one 
like A. It would be ludicrous if the manufacturer with 
clay B fired at cone 7, and the manufacturer with clay A 
fired at cone 14. So far as the contraction and porosity 
tests tell us, the extra firing with clay A consumes coal, 
punishes the kilns, and wastes time and capital"to produce 
no result. To prevent any misunderstanding, I repeat‘that 
these remarks refer solely to results obtained with the 
contraction and porosity tests. The point I am developing 
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Fig. 2.—Fireclay with no ‘‘ Best ’’ Firing Temperature. 


is that one fireclay can be as satisfactorily burned at, say 
cone 7, as another fireclay at cone 14. 

A few hundreds of these tests have been made on different 
clays, and the types shown in Fig. 1 illustrate the sort of 
results obtained. Some clays show a rather steeper rise than 
is indicated between the dotted lines marked firing tem- 
perature and cone 20. This means that the firebricks 
should be then burned as near as possible to the temperature 
at which they have to be used; and in the extreme case 
illustrated by Fig. 2 the firing temperature seems never to 
be attained, because the clay never ceases to contract 
appreciably up to its fusion temperature. We can now 
apply these interesting results to the variations in the sizes 
of firebricks produced under normal conditions of firing. In 
large kilns, the bricks nearest the firemouths must, of 
necessity, receive more heat than those furthest away. The 
outward and visible symbol of the work done by the heat 
is the contraction. Suppose that there is a difference of 
two cones between the hottest and coolest parts of the 
burning chamber of the kiln. To fix the idea, suppose the 
average firing temperature of the kiln is cone 7; that in 
the hottest parts the firing temperature is cone 8; and in 
the coolest parts cone 6. Suppose the bricks made from 
each of the clays of the types indicated in Fig. 1 are in 
question. Then the stippled portion of Fig. 3 represents the 
variation of temperature in the firing chamber ; the curves 
represent the contraction at different firing temperatures ; 
and the distance apart of the cross-hatched portion represents 
the variations in the sizes of the resulting firebricks. In 
the one case the variation is 0°25 p.ct., or one-fiftieth in. ; 
and in the other 1°55 p.ct., or one-seventh in. Otherwise 
expressed, deviation in the one case is + 0°12 p.ct. and in 
the other +0°77 p.ct. 

While the irregularities in sizes at cone 7 and upwards 
are within manageable proportions with clay A, they are 
not so with clay B. If the irregularities with clay B are to 
be kept within the same limits as with clay A, it would be 
necessary to fire clay B to a temperature in the vicinity of 
cone 14. Although I am here taking extreme cases in order 
to emphasize the idea, the examples selected are actually 
in use for the manufacture of firebricks. I say nothing 
about the action of the grog, or of the fortifying of the 
clay with siliceous materials, or of bricks whose special 
function is the resisting of fluxes, slags, glasses, and frits. 
These introduce complications in detail, without inter- 
fering with the general principle which covers all cases 
known to me. It is, of course, assumed that the clays are 
not the bloating type. 


To Summarize. 


(1) The maturing temperature of firebricks is not a fixed 
point to be decided by a specification applicable to al] 
fireclays ; rather it is a temperature peculiar to each 
clay. 


(2) The best temperature for maturing a firebrick made 
from the ordinary types of fireclay is that temperature 
at which the contraction-temperature curve (Fig. |) 
has flattened, so that any further rise of temperature 
produces insignificant changes in volume when tie 
firebrick is heated to the highest temperature at which 
it is likely to be used. 


(3) If the contraction-temperature curve (Figs. 1-3) has 
not flattened at the top temperature of the kiln, there 
will be greater variations in the sizes of the bricks 
than is the case where the bricks are fired at the 
temperature where this curve has flattened. 


Percentage 

papier” possvasn 

Clay A. { 
0-25% 
Clay B. 
155% 

Ss 





2 
5 6 * 8 9 


Firing Temperatures. 


Fig. 3.—Variation in the Sizes of Firebricks from a Kiln with Two 
Different Types of Clay. 


In adapting the above ideas to silica bricks, it must be 
remembered that, in ordinary firebricks, the expansion due 
to the contained free silica is obscured by the contraction 
due to the permanent contraction of the clay itself, and to 
the surface tension of the fluxes. With silica bricks there is 
a complication in that the change in size during firing is a 
complex, in which the contraction due to the surface 
tension of the fluxes is masked by the permanent expansion 
of the quartzose constituents. The expansion-temperature 
curve of silica bricks flattens only when the conversion 
from the high specific gravity to the low specific gravity 
form of silica is approaching completion. . 

I have said nothing about controlling the temperature of 
a kiln so that different parts of the kiln receive approxi- 
mately the same quota of heat. One of the most important, 
perhaps the most important, of all the factors involved, is 
the setting of the bricks in the kiln. If the setting is such 
that the currents of flaming gases from the fire-moutlis 
are not uniformly distributed among the bricks, then the 
bricks, in tracks specially favoured by these hot gases, 
will receive more than their share of the firing, and those 
in the less favoured parts will not receive an adequate 
ration of heat. The case is occasionally more serious than 
this, particularly when bricks are set too closely. The ends 
of the bricks exposed to the hot gases receive so much greater 
a proportion of heat than can be distributed uniformly 
through the brick by conduction, that they contract more 
and give the brick more or less a wedge-shape, or the brick 
is distorted in other ways. This may occur when the 
texture of the brick is homogeneous, and every condition 
other than the setting is satisfactory. ’ 

It is obviously a good policy to set the bricks in a kiln 
as closely as practicable, so as to economize as much space 
and keep the output as high as possible. The practical 
limit is the uniform7and rapid distribution of heat. When 
a more open setting is adopted in a kiln where it has 
previously been too close, the decrease in the output pet 
kiln must be balanced fairly against (1) a greater proportion 
of firsts and a smaller proportion of seconds and rejects 
for grog; (2) a probable decrease in the time required for 
the burning ; and (3) often a marked reduction in the coal 
required per 1000 bricks. In the cases of two high temperé 
ture kilns, I have been astonished at the saving in time 
and fuel when the setting was changed from a close to at 





open system. 











JULY <« 





(G) TH 
OTHER 
HEAT - 


Recen 
have she 
the kiln 
continuc 
45 p.ct. 
inger,* 
noted a 
fired. 
loss Was 
placing 
the inte 
kiln or 
insulati 
quantit 
efficienc 
above-n 
the"hea 
use of s 

Acco} 
experi 
ting ms 
ductivit 
cance. 


The 
kieselgt 
diatom 
porous 
minute 
earthy 
distrib 
present 
Irelanc 
accoun 
diatom 
and M; 

In tl 
with 1. 
by har 
were I 
and 1 
were 1 
to abot 
tain tl 
light-v 
also m 
this c 
has es 
practi 
practic 
must | 


Batch 


my | 
| 


The 
previc 
of an 
wall ; 
exper 
tise ¢ 
distay 

us 
putec 
poros 
were 


* Bu 





fixed 
0 all 
each 


nade 
iture 
g. 1) 
iture 

the 
vhich 


there 
ricks 
- the 


Two 


ist be 
n due 
ction 
nd to 
ere is 
g isa 
irface 
insion 
rature 
ersion 
ravity 


ure of 
proxi- 
rtant, 
ed, is 
; such 
ouths 
n the 
gases, 
those 
quate 
; than 
» ends 
reater 
ormly 
more 
brick 
n the 
dition 


a kiln 
space 
ictical 
When 
it has 
ut per 
ortion 
rejects 
ed for 
1e coal 
npera- 
2 time 
to an 








cance. 





















































Jury 9,- 1924.] GAS JOURNAL. [SUPPLEMENT] 29 
(¢) THE THERMAL CONDUCTIVITY AND SOME | Results. 
OTHER PROPERTIES OF TWO COMMERCIAL, Taste II. 
= L c 4 N KILN 
HEA! SV LATANG:, ARPES; USED..t , Mark | Temp. Mean Diffusivity | Mean Thermal Conducti- 
CONSTRUCTION. * | Range. in C.G.S. units. vity in C.G.S. units. 
By A. T. GREEN. 511°-290°C. 0-00144 0-00025(5) 
Al | 647°-380°C. 0 00156 0-00030 
Recent investigations of the thermal efficiencies of kilns 766°—470°C. 0-00174 0-00036 
have shown definitely the amount of heat lost by way of o ie |. a... lessees — 
the kiln walls. Thus, Harrop? indicated that, with a certain 6 47°-244°C. 0-00167 0-00030 
continuous tunnel kiln a loss, by such causes, of some 766°-308°C. 0-00181 0-00035(5) 
45 p.ct. of the total fuel fired is experienced. Blein- eg | LRP Sonia ht ana ea 
inger,? in an investigation of three commercial kilns, - mp 7 ary pe eoreee 
noted a loss through the walls of 25 p.ct. of the total fuel 840°-502°C. 0-00193 0-00039 
fred. A suggestion which aimed at the reduction of this ae 
loss was made in 1905 by Hutton and Beard,* who proposed 580°-236°C. 0-00171 0-00029 
placing a layer of highly non-conducting material between | * - » By Boe pe 4 Here 
the interior firebrick lining and the exterior casing of the nik Sab) Se sts ob ct 
kin or furnace. For such a purpose, light-weight, heat- 580°-346°C. 0-00175 0-00031 
insulating materials are now being used in increasing B? | 647°-390°C. 0-00183 0-00033(5) 
quantities, and are responsible for much greater thermal Hig mp 5 pes piven 
efficiencies in many furnace operations. Bleininger, in the i re ri 
above-mentioned work, estimated that 60 to 70 p.ct. of 580°-238°C. 0-00177 0-00030 
the"heat lost through the walls could be prevented by the B4 | 647°-272°C. 0-00180 0-00031 (5) 
use of such methods. a ape = a pani oat 
Accordingly, this paper chiefly sets down the results of " ; 
experiments, with two batches of commercial heat-insula- 
ting material, undertaken to determine the thermal con- Taste Itt. 
ductivity and a few other properties of a practical signifi- | ee ve * 
True App. Percentage | Crushing | Refractory 
The Material of Experiment. Mark) Sp. Gr. Sp. Gr. | Porosity | Strength Test 
The principal constituent of the experimental bricks is A) #657 | 0-73 71-6 | 286 Ibs. per Me 7 
kieselguhr, which is also known by the names diatomite, | > ( C.) 
diatomaceous earth, and infusorial earth. It is a light, very B| 261 | 0-69 73-5  |3381bs. per) Cone 8 
porous earth which consists of the silicious remains of | sq. in. (1250° C.) 


minute organisms, together with a considerable quantity of 
earthy impurities. Deposits of this material are widely 
distributed in nature. The earths used in the bricks for the 
present investigations were obtained from the North of 
Ireland (Batch A), and from Algeria (Batch B). Good 
accounts “of thezdeposits’ and general characteristics of 
diatomaceous earth are given by Goodwin,‘ Charpentier® 
and Manzella’. 

In the case of the bricks of Batch A, the earth was mixed 
with 15 p.ct. of cork and sawdust, then mixed and moulded 
by hand and fired to about 850°C. The bricks of Batch B 
were manufactured by mixing about 15 p.ct. of sawdust 
and 10 p.ct. of clay with the earth. These ingredients 
were mixed in an open mixer, moulded by hand, and fired 
toabout the same temperature. Sawdust was added to main- 
tain the high porosity of the diatomaceous earth. Other 
light-weight refractories used for insulation purposes are 
also manufactured from mixtures of clay and sawdust. In 
this connection, it is interesting to note that Beecher’ 
has established the fact that 40 p.ct. of sawdust is the 
practical limit for good working with a plastic clay. The 
practical limit, when working with diatomaceous earth, 
must be a much lower percentage of sawdust. 


TABLE I, 
Analysis of the Experimental Bricks. 




















B ~ pa > | . r ‘Loss on 

Batch | SiO, | TiO, | ALO, | FeO, | CaO | MgO | Ignition 

4 | 73:07% | nd. | 1662% — 500% | 008% | 033% | 110% 

B | 76-70% | 0-62% | 13-60% | 087% | 566% | 132% | 0-00% 
Method of Experiment. 


The method of experiment has been described in a 
Previous paper®, Essentially, it consists in the maintenance 
of an even and constant temperature on the hot face of a 
wall of the material from the beginning to the end of an 
xperiment, and the accurate measurement of the rate of 
‘ise of temperature for any isothermal plane at a known 
distance from the hot face. From data so obtained, the 
diffusivity and, subsequently, the conductivity are com- 
puted. Besides the conductivity, the crushing strength, 
Porosity, specific gravity, and refractoriness of the material 
Were determined. 





* Bull 53 rem 
eetin oO, p. 10, B.R.R.A , Dec, 1923. 


Discussion of the Results. 


A, and A, represent the results obtained with one brick 
specimen from Batch A, by the computation of the time- 
temperature measurements from two isothermal planes at 
distances of about 5 cms. and 8 cms. respectively from the 
hot face. Two separate experiments with two different 
bricks from Batch$B were realized, hence :the two series 
B, and B., B,; and B,. As before, B, and B, were about 
5 cms., and B, and B, about 8 cms., distant from the hot 
face. It will be noticed that the results agree well, although 
the diffusivities obtained from the 8 cms. holes are, in 
general, slightly higher than those obtained from the 
5 cms. holes. This fact has been noted in a previous report 
on the conductivity of refractory materials’. 


TABLE IV, 
Results obtained from previous investigations with comparable 
materials, 














Thermal 
Conductivity 
Material Temp. in C.G.S. Authority 
units 
Kieselguhr mixed with 
small amount of clay 500°C. 0-00046 Griffiths® 
and fired to 900°C. (ap.) 
Sil-o-Cel; an American | 300°C. 0-00017 to Boeck?® 
commercial product. f 0:00027 
oC; +} 0-000144 
Kieselguhr (loose) .. 100°C, | 0-000183 Nusselt! 
400°C, 0-000219 
orc. | 0000178 
Kieselguhr (baked) .. -| 400°C, 0-000333 Nusselt! 





Table IV. is included for purposes of comparison. The 
results obtained by Griffiths’ are somewhat higher than 
those given in Table II. Boeck’, reporting the properties 
of Sil-O-Cel, a comparable material, gave 0°5-0'9 B.Th.U. per 
sq. ft. per hour per degree Fahr. difference in temperature, 
between ordinary temperatures and 1000°Fahr. These values 
correspondgto a conductivity of 0°00017-0°00027 C.G.S. 
units at about 300°C. Such data are slightly lower than 
those obtained by, the present author, which agree well, 
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however, with Nusselt’s results. Again, comparing the 
data given in this paper with those recently obtained by 
the author for the conductivity of a Stourbridge fireclay 
brick, it may be pointed out that the conductivity of the 
insulating materials A and B is about one-fourth that of 
this firebrick at a temperature of about 500° C. 
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Fig, 1.—Variations of Actual Thermal Conductivity with Temperature. 


The refractoriness of both materials A and B is very low. 
Moreover, with material A there is a very defined shrinkage 
commencing;-at 900° C. The action indicated by this 
shrinkage results in a great increase in the conductivity of 
the material. Thus, after heating the face of the brick 
for 20 hours at about 1120° C., the conductivity, calculated 
from the temperature readings of a hole 5 cms. from the 
hot face, becomes 0°00061 between 896 and 627°C. This 
shrinkage is obviously due to an incipient fusion resulting 
from the presence of fusible impurities. When the material 
is required for very high temperature insulation, some 
purification of the original earth should be adopted, if 
possible, so that a brick containing at least 92 p.ct. of 
silica results. In practice, however, the hot face of the 
insulating material does not, usually, exceed 800°C., so 
that many impure diatomaceous earths can be used 
efficiently. In this connection it must be noted that in 
modern kiln construction the use of insulating material is 
resulting in the design of thinner kiln walls. This empha- 
sizes the fact that, wherever the walls are so designed, 
diatomaceous bricks of good quality must be used, since 
the face temperature of the insulation wall will, in these 
circumstances, be much higher. 

It is very desirable to maintain an unimpaired wall of 
insulating brick covering the outer surface of the kiln 
walls. To do this, the insulating material must possess a 
good mechanical strength, since the expansion and con- 
traction of the kiln walls give rise to very considerable 
strains, which are exerted on the insulation wall. Boeck 
states that a crushing strength of 400 lbs. per sq. inch is a 
very satisfactory indication of the required mechanical 
strength. From the nature of the material_z.e., the high 
porosity which must be maintained in manufacture, &c.— 
a crushing strength much higher than 400 lbs. per sq. inch 
cannot be expected. 

' The great insulating properties of the material are due 
to the presence of an infinite number of minute pores 
which are encompassed in the organic remains of the 
diatomite. In fact, the structure can be conveniently 
regarded as an air space divided into an infinity of air cells 
by a minimum of solid matter. Physical reasoning indicates 
that the heat transmission by radiation and convection 
across this air space is considerably lessened in consequence 
of this peculiar structure. The limit of the effect of this 
division of the air space must be reached when the heat 
transmission across the pore spaces approximates in quan- 
tity almost to the likely value for the conductivity of air. 
The conductivity of air is given as 0°000058 C.G.S. units at 
55°C., and although no data are given for this constant at 
higher temperatures, it is probable that the value will be at 
least one-twelfth the conductivity of the solid material at, 
say, 500°C. At lower temperatures and with a maximum 
of pore spaces of minute size, the transmission of heat by 
way of these pore spaces may, indeed, approximate to an 


— 


similar reasoning should not be followed too closely in the | 
case of grogged fireclay bricks where the pores—some of 
them, at least—are by no means microscopic, and the 
temperatures of practice, to which they are subjected, are 
much higher. 

Finally, porosity or apparent specific gravity may be 
used as a rough guide to the insulating properties oi dia- 
tomaceous earth bricks. A brick with a percentage porosity 
of 70 to 80 p.ct., or an apparent specific gravity of 0°55 
to 0°7, will, in general, be a satisfactory insulator. 


SUPPLEMENTARY TO THE REPORT OF 
RESEARCH. 


Tue INsucatinGc Capacity oF Diatomaceous Earru, 


[HE 


The following experiment will serve to supplement the 
data of thermal conductivity. It is based on the suggestion 
of Hutton and Beard. 

As in the experimental determination of thermal conduc- 
tivity, a wall of nine bricks was erected with a central 
brick A as test brick (Fig. 2). Thermocouples were placed 
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in the interior of Brick A, at C and D, by way of holes 
which had been drilled. C was placed at a distance of 
6 cms. from the hot face B, and D was 5:1 cms. (2 4n.) fromC, 


insulating properties of diatomaceous earth. However, a E 
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The face B was raised to a constant tempe.ature (i.c,, 
1037° C, 1153° C., and 1270° C.) in about 14 hours, and main- 
tained at this temperature for about 8 hours. This face 
temperature was measured by a thermocouple E luted 
to the centre of the face of brick A. The rate of rise of 
temperature at the isothermal planes, represented by 
vertical planes C anc D, was measured over a period of the 
experiment. The .esults are shown in Figs. 3, 4, and 5. 
Curve 1 in each diagram shows the face temperature, 
and curves 2 and 3 the rate of rise of temperature at the 
isothermal planes C and D respectively. These curves can 
be regarded as the basis of comparison in indicating the 
effect of diatomaceous earth. 

The bricks were next sawn through at the planes repre- 
sented by Cand D. They were fitted in the structure so 
that the space between the planes at C and D was {filled 
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of the rate of rise of temperature at the planes C and D 


was conducted on lines identical 
swith those mentioned above. 

The results are shown in Figs. 3, 4, and 5. Curves 4 and 
5 represent the rate of rise of temperature at planes Cand D 
respectively, when the diatomaceous earth is packed to a 
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consistency of 22 Ibs. per c.ft. Such curves effectively 
ilustrate the insulating capacity of the material of experi- 
ment. 

An approximate calculation based on Figs. 3, 4, and 5 
shows that, considering the equilibrium amount of heat 
passing through the brick (without the interposition of 
diatomaceous earth) as unity, the amount of heat passing 
through when diatomaceous earth is interposed as a layer 


2 thick, and at a consistency of 22 Ibs. per c.ft., 
8 0333. 


The author wishes to thank the Derbyshire Silica Fire- 
brick Co, for the help and privileges they have extended 
1 connection with this investigation, and Mr. H, Edwards 
lor his very able assistance. 
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(H) THE INFLUENCE OF TEXTURE ON THE 
TRANSMISSION OF HEAT THROUGH 
FIREBRICKS.* 


A. T. GREEN. 
INTRODUCTION. 


The transmission of heat through firebricks takes place 
by way of both the solid matter and the pores. It has 
been stated that the transference of heat through the 
pores is very small compared with that transmitted through 
the solid matter, or, in other words, pore-spaces consistently 
maintain insulating properties. It would thus follow that 
the higher the porosity of a refractory material, the greater 
ought its insulating effect to be. This argument appears to 
be justified by the fact that such highly porous materials 
as diatomaceous earth bricks possess pronounced insulating 
properties at lower temperatures’ (7.e., up to 700°C.), and 
thus under the accepted conditions of their use. However, 
some investigators, notably Mellor’, have, as the result of 
practical observation and of theoretical deductions, sug- 
gested the hypothesis that, at high temperatures, heat may 
be transmitted by way of the pores, at a rate which is 
comparable with that of conduction through the solid 
matter. In an earlier work* by the present author, two facts 
seemed to bear out this hypothesis. In the first place, the 
pronounced rate of increase in the value of the coefficient 
of thermal conductivity of some bricks with temperature, 
at temperatures above 1000° C., was suggestive of influences 
additional to the conduction of heat through the solid 
matter. Again, a calculation based on the fourth-power 
radiation law, and the data obtained from the determina- 
tions of thermal conductivity, showed that the rate of heat 
transmission by radiation across the pore-spaces may be, at 
temperatures over 1100°C. at least, comparable with the 
rate of heat conduction through the solid matter. 

In the paper mentioned above, it was pointed_out that 
the essential factors governing the effect of the pore-spaces 
appeared to be (1) the temperature; (2) the size of the 
pores ; (3) their disposition with respect to the solid matter. 
In other words, it can be stated that previous work has 
suggested the view that the rate of heat transmission 
through certain refractory materials is dependent, in some 
degree, on the temperature and texture of the material. 
The present work was commenced with the object of 
testing this suggestion. 


MATERIALS OF EXPERIMENT. 


The Making—tThe difficulty of obtaining firebrick 
identical in composition and constitution—+.e., of identical 
“‘ material factor ’’—and yet possessing different texturess 
is very great. This fact will be noted in the study of the 
properties of the different classes of bricks used in this 
investigation. However, with the object of confining this 
“material factor” to a narrow range of variation, all the 
bricks were made from one batch of Stourbridge fireclay. 
The grog used was made from the same clay, at a particular 
firing. This grog was divided into three grades, i.¢., (1) 
that which passed through a 7%*’s lawn; (2) that which 
passed through an 3’s lawn and stayed on a 1's lawn; 
(3) that which passed through a }’s lawn and stayed on an 
3's lawn. The bricks were made up of the following mix- 
tures : 


TABLE I. 
Batcu, I, 


Grog passes through y’s lawn. 














Mark .. ei hnarall B Cc D E F 

Clay (parts by | 
weight) ... 10 | 9 | 8 7 6 5 

| - 

Grog (parts by; | 
weight) --| 0 1 | 2 3 4 5 





* Bulletin 6, p. 47, B.R.R.A., April, 1924, 
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Batcu II, 
Grog passed through }4’s lawn and stayed on ¥’s lawn. 











Mark .. nop ae H I t K 
Clay (parts by) 
weight) ++| 8 7 6 5 
Grog (parts by, Fe is ae 
weight) os 2 3 4 5 
Batc# III. 


Grog passed through }’s lawn and stayed on }’s lawn. 








Mark .. y M N O Hos 
Clay (parts by 

weight) ‘ 9 8 7 6 5 
Grog (parts by 

weight) oof 2 3 4 5 


Each of the above mixtures was assembled and prepared by 
hand, and, after allowing to stand for a short time, was slop 
moulded. Twelve bricks of each mark were made. They 
were then fired to Cone 10. The analysis of a fired brick F 
showed SiO,, 69°94%; Al,O;, 23°50; Fe,0,%, 1°75% ; 
TiO,, 127%. 


The Properties—The investigated properties of all the 
bricks are appended in Table II. 











TABLE II. 
Crushing 
P.Ct P.Cr. Diff. Strength 
Mark Porosity Porosity between True pp. in Ibs./sq. 
A. B. B&A. Sp. Gr. Sp. Gr. inch 
Batch No. 1. 
A 22°04 25°65 3°61 2°631 1°956 
B 22°75 25°92 3°17 2-627 1-946 5434 
Cc 26-91 27-72 0-81 2-626 1-898 4244 
D 27-21 27-92 0-71 2-622 1-890 4055 
E 27-91 28°19 0-28 2-618 1-880 3141 
F 28-32 28-52 0-20 2-616 1-870 2325 
Batch No. 2. 
G 23-21 25°41 2-20 2-617 1-952 3358 
H 24°62 25°26 0-64 2-609 1-950 2810 
I 24-68 25-70 1-02 2-607 1-937 2155 
L 25-32 26°47 1-15 - 2-604 1-914 2092 
26-33 27-14 0-81 2-601 1-895 1296 
Batch No.3 e 
L "05 25-54 1-49 2-623 1-952 3822 
M 25-20 26-00 0-80 2-615 1-935 2729 
N “00 26-00 1-00 2-610 1-931 1646 
oO 25-75 26-40 0-65 2-610 1-921 1264 
P 91 26-88 0-91 2-612 1-910 1132 


The instructions to the manufacturer stated that the 
burning should be identical for all batches. However, some 
variation in this burning appears to have occurred, since 
the average true specific gravity of Batch I. is 2°622, of 
Batch II. 2°607, and of Batch III. 2°614. The specific 
gravity determinations, on which the figures are based, 
were obtained by the use of specific gravity bottles. Special 
precautions, including (1) the use of paraffin as the liquid ; 
(2) the use of a vacuum pump; and (3) the use of a thermo- 
stat, were taken, and, as a result of these, an error of not 
more than 0°005 for each determination is anticipated. 
Two determinations were made for each brick and the 
average taken. It is considered probable that a difference 
of two cones in the firing will cause the variation from 
2°622 to 2°607 noted in the average specific gravity. The 
decrease in the true specific gravity with increasing grog 
content is a feature of each batch, and lends additional 
proof to the suggestion that Batch II. has received more 
‘‘ fire’ than Batch III., which, in turn, has received more 
fire than Batch I. (See Fig. 1.) 

The percentage porosities (A) were determined by the 
usual method, from the data (1) weight of a piece of dry 
brick ; (2) weight when soaked in paraffin; (3) weight 
when suspended in paraffin. The average of four of the 
most concordant of six determinations was taken. The 
determinations do not show a wide range of porosity, 
although actually other factors must be considered. With 
each of the bricks A, B, G, and L the presence of large holes 
interspersed throughout the semi-vitrified mass was very 
marked. In fact, the porosity determinations on this 
account were very variable. These holes were noticed in 


—— 


This suggests that the porosities A reported for the bricks 
A, B, G, and L are composed of at least two types (1 large 
holes due to the nature of the clay, the nature of the making 
process, and the insufficiency of grog of the correct grade 
(2) the finer pores running through the semi-vitrified mass 
In bricks A, B, G, and L, another type of pore must be con. 
sidered. The existence of this kind is suggested by the 
percentage porosity B. This determination is computed 
from (1) the apparent specific gravity which is obtained 
from the same data as the percentage porosity A ; and (2) 
the true specific gravity of the material. The result obtained 
includes, within the limits of experimental error, the whol 
of the pores of the material. It shows that bricks 4, B 
G, and L contain some pores to which the paraffin, even 
under the pressure of a vacuum pump, cannot gain access, 
These pores are referred to as “‘ sealed pores.”” Fig. 2 shows 
graphically the increase in porosity with increasing grog 
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The possibility of the passage of hot air through the 
brick during conductivity determinations was early realized, 
That property, termed the “permeability ”’ of the material, 
which is a controlling factor in the passage of the hot gases 
through the brick, is difficult to measure accurately. Such 
a property is obviously a function of the texture of the 
material, and consequently it was thought that a know 
ledge of the crushing strength together with the porosity 
of the material would give some idea of the permeability 
of the material under experiment. For this reason the 
crushing strength determinations are appended in Table |. 
and graphed in Fig. 3. 
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at least half the pieces of bricks used for the determinations. 
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DETERMINATION OF THE THERMAL CONDUCTIVITY. 


The method adopted for the determination of the co- 
ficient of thermal conductivity has been fully described 
na previous publication.* The following résumé of the 
jescription is adfed in order to make an interpretation of 
he results more clear. First, the procedure consists in 
 aintaining an even and constant temperature on the hot 
lace of a wall composed of nine bricks of the material 
inder test, from the beginning to the end of the experi- 
bent. An electric furnace based on the principle of the 


Fig. 4. 
Cross-Section through Plane of 
Thermo-Couple Holes parallel 
to the Base of Apparatus. 


Fig. 5. 
Cross-Section perpendicular to the 
Plane of the Thermo-Couple Hols. 
































A, furnace part of refractory clay. A DE, ‘position of three thermo-couples 

BB, electrodes. A BC, shows the path of the face «| 
thermo-couple, 

CC, hot plate. F, furnace part. 

D, face thermo-couple. G, graphite resister. 

E, Ist hole thermo-copule. HH, hot plate. 

F, 2nd hole thermo-couple. K, base of apparatus. 


Hirsch refractory testing furnace is used for this purpose 
see Figs. 4 and 5). The second part of the work consists 
in measuring at fixed intervals of time—usually every 
hour—the temperatures of two isothermal planes at 
distances of about 5 cms. and 8 cms. respectively from the 
hot face. These data are obtained by thermcoouples, 
secured in holes of 7, in. diameter in a central brick. When 
the couples are in position, these holes, which are parallel 
to the hot face, are filled with brick dust. Such temperatures 
are referred to as the first-hole and the second-hole tem- 
peratures respectively. 
This experimental method is based on Fourier’s law of 
linear diffusion. Thus, by evaluating _— 
0 

constant hot-face temperature and the hole temperature 
after a specific time (about 7°5 hours) has elapsed, a factor 
is obtained which, together with certain mathematical 





, where ®, is the 


tables, defines a numerical value for the expression-; ae 

~ VR 
Since x is the distance of the hole from the hot face and ¢ 
is the time which has elapsed from the commencement of 
the experiment until the temperature 9 is obtained at this 
hole, k, which is the diffusivity or ‘‘ temperature conduc- 
lvity "’ of the material can be readily obtained. The value 
ol k so obtained is the average value between the tempera- 
ture limits ¢» and e. To calculate the coefficient of thermal 
conductivity between the temperature limits ® and 4 we 
have the equation 


Thermal conductivity=A.c.s. 


where k is the determined diffusivity, c is the apparent 
Specific gravity of the material and @ is the specific heat of 
the material between the tw temperature limits % and ¢, 
The product c.s. is thus the heat capacity per unit volume. 


RESULTS. 


The results of the thermal conductivity experiments are 
‘ppended in Tables III. and IV. 


TABLE III. 
Conductivity Results for Brick A, 








t Hole Determinations. 2nd Hole Determinations. 











Te , Mean Mean Ther- |_Mean_ | Mean Ther- 
R mp Temp. |Diffusivity |mal Conduc- Temp. _| Diffusivity|mal Conéuc- 
ange Range} in C.G.S. tivity in Range in C.G.S. tivity in 
ge No, | uni.s C.G.S. units | units C.G.S. units 
PIP a aes eet 2 se — — Do 
eee: |) | 0-00259 | 0-001155  920°-480°C.| 0-00268 | 0-00153 
1153°-7RG° (2) 0-00265 0-00163 1037°-547°C. | 0-00270 0-00161 
maroc | (3) | 000275 | 0-00175 — 1153°-615°C.| 000278 | 0-017! 
10°C. (4) 0-00282 0-00184 1270°-687°C.| 000281 0-00173 





Mark 


TABLE 


Ist Hole Determinations 




















IV. Batch T. 


Mean Thermal 
Conductivity 
in C.G.S 





Units 


0-00161 
0-00174 
0-00183 
o-00144 | 
0-00154 
0-00 167 
0-00L79 


0-00134 








0-00160 
0-00174 | 


0°00137 
0-00149 
0-00163 
0-00180 | 
0-00132 

0-00151 

0-00171 | 
0-00194 


3atch If, 


0-00159 
0-O0174 
0-00190 
0-09203 
0-09159 
0-00172 
0-09 186 
0-00201 


0-00163 
0-00173 
0-09195 


0-00147 
0-00 162 
0-00 180 
0-00196 
0-00142 
0-00155 
0-00171 
0-00190 








Batch III. 





Temp. Mean 
Range | Diffusivity in 
No. C.G.S. Units 
(1) “2 
(2) 000262 
(3) | 0-00275 
(4) 0-00280 
(1) 0-00249 
(2) 0-00259 
(3) 0-0027 L 
(4) 0-00282 
(1) 0-00234 
(2) - 
(3) 0-00260 
(4) 0-00275 
(1) 0°00240 
(2) | 0-00253 
(3) 0-00267 
(4) 0-00286 
(1) : 
(2) 00256 
(3) 0-00282 
(4) 0-003 LO 
(1) 0-00268 
(2) 0-00234 
(3) 0-00299 
(4) 0-003 10 
(1) 0-00268 | 
(2) 0-00280 
(3) 0-00294 
(4) 0-00308 
(1) - 
(2) 0-09269 
(3) 0-00282 
(4) 0-00305 
(1) 0-00252 
(2) 000266 
(3) 0-00289 
(4) 0-00306 
(1) 0-00246 
(2) | 0-00259 
(3) 0-00280 
(4) 0-00300 
(1) 0-00259 
(2) 0-00267 
(3) 0-00282 
(4) 0-00295 
(1) 0-00255 
(2) | 0-00270 
(3) | 0-00280 
(4) | 0-00297 
(1) | 000253 
(2) 0-00264 
(3) 0-00278 
(4) | 0-00292 
(1) 
(2) | 0-00258 
(3) | 0-00280 
(4) | 0-00306 
(1) | 0-00248 
2 | 0-00254 
(3) | 0-00272 
(4) | 0-00293 


0-00154 
0-00164 
0-00179 
0-00194 
0-00150 
000165 
0-00176 
0-00193 


0-00149 
0-00161 
0-00174 
0-00189 


0-00157 
0-00175 
0-00197 


0-00144 
0-00153 
0-00169 
0-00188 


2nd Hole Determinations. 


Mean 


Diffusivity in 


GS. 


Units 


0-00275 
0-00282 
0-00290 


0-00253 
0-00270 
0-00277 
0-00294 


0-00235 


000272 
0-00290 


000242 
0-00272 
0-00286 
0-00298 


0-00235 





0-09268 
0-00280 
0-00298 
0-09308 


0-00272 
0-00286 
0-00 25 
0-00303 


0-00261 
0-00276 
0-00298 


0-09260 
0-00270 
000284 
0-00308 


0-00268 


0-00270 
0-00295 
0-003 10 


0-00272 
0-00280 
0-00290 


100268 
0-00274 
0-00283 
0-00299 


0-00270 
0-00283 
0-00295 
0-00300 


0-00265 
0-00290 
0-00308 


0-00266 
0-00276 
0-00290 
0-00302 


0-00304 


Mean Thermal 
Conductivity 
in C.G.S, 

Units 


0-00163 
0-00174 
0-00183 


0-00140 
0-00155 
000166 
0-00182 


0-00129 


0-00161 
0-00178 


0-00133 
000152 
000169 
0-00184 
0-00128 
0-00148 
0-00176 
0-00186 


0-00153 
0-00 167 
0-00183 
0-00195 
0-00155 
0-00170 
0-00181 
0-00194 


0-001L54 
0-00165 
0-00185 


0-00146 
0-00158 
0-00171 
0-00192 
0-00149 
0-00156 
0-00176 
0-00191 


0-00 156 
0-00167 
0-00178 
0-00193 
0-00152 
0 00162 
0-00173 
0-00188 
0-00153 
0-00166 
0-00178 
0-00188 


0-00155 
0-00175 
0-00192 


0-00150 
0-00161 
0-00174 
0-00188 


The hot face temperatures used in the majority of the 
experiments were 920° C., 1037° C., 1153° C., and 1270° C. 
These temperatures, which may appear a peculiar selection. 
were occasioned by the fact that the face thermocouple and 


the galvanometer were not made for each other. 


Con- 


sequently, although easily controllable temperatures were 
used, the above temperatures resulted from the standar- 
dization of this couple and the galvanometer against 
substances of known melting points, and against a standard 


thermocouple. 


If the face temperature used was different 


from those mentioned above, a computation served to 


bring it to the same basis. 


For brick A, the temperature 


ranges are given, but, since the variation of the hole tem- 
peratures was rarely more than 25° C. from an average for 
the particular range, it was considered that the categories, 
temperature ranges Nos. (1), (2), (3), and (4) would suffice 
to indicate the respective ranges, without introducing any 


appreciable error. 


The time factor averaged about 7°4 


hours, while the distance factor varied from 4'7 to 5°4 cms. 
in the case of the first hole, and from 7°7 to 8°3 cms. inthe 


case of 


the second hole. 


Since the temperature of the second hole is lower than 
that of the first, the results obtained for the second hole 


should be correspondingly lower. 


As a matter of experi- 


ment, the diffusivity measurements are inclined to be 





higher, a fact noted in previous work on the subject. The 
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JULY 
——— —— 
argument that the first hole somewhat disturbs the flow | firebrick, and that the porosity is three-and-a-half time yp: 
of heat, with a consequent effect on the second hole tem- | greater. Thus in general, diffusivity measurements at Fig. 8 
perature, has already been put forward. The function of | lower temperatures indicate that with increasing porosity), ign 
the second hole result, however, is merely to check that | decreasing thermal conductivity is to be expected. "tate 0 
obtained from the first hole. | batches 
~ more cl 
DIscUSSION OF RESULTs. grog co 
-Comparison of Batches.—A general consideration of the bse 
results of the three batches points definitely to the fact 
fe icin 
“6 
8 
e r,s : 2 
Z oaoiso | 2 J 0.00280 F > ean 
= Me = 5 
4 ‘a s 5 
3 ‘ “0 2 
16] we u z 0.00160 
Z 00175 a 4 0.00275 9 © 
* = = 3 
: \ : gone 
Q 0.00170 | ‘ 4 0.00270 ; § 
ra) 2} Prd ” 
z uw 0.00100 
9 a betwee: 
% coos | \ 4 0.00265 Z ranges 
2 s et tH ED o TH tent. | 
3 ———CONDUCTIVITY CURVE Fiat ite ate the gre 
= o--=DIFFUSIVITY CURVE Fig. 7. grog co 
_— 2610 2615 2620 — In fact 
. MEAN TRUE SPECIFIC GRAVITY us T T r brick F 
Fis. 6 Cons 
jae averagt 
that Batch II. possesses the highest average conductivity. and (2) 
Batch III. comes next, with Batch I. possessing the lowest 2 the lat 
average value of this “ constant.’ It has been previously 3.00190 similar! 
noted that the average specific gravities follow the reverse , curves 
order with Batch II. possessing the least value. This : in the « 
was taken as an indication that Batch II. had received nee, pronou 
the most “fire,” and Batch I. the least. It is thus > than i 
suggested that, the greater the “ fire,’’ the higher the value 8 Fig. 12 
of the thermal conductivity. This fact has been previously — at high 
brought forward by Wologdine‘, and others. Fig. 6 shows : reaches 
graphically the relation between average specific gravity Final 
and the average thermal conductivity. z 
It must be mentioned that the above facts vitiate a z 
direct and uncompromising comparison between the three 2 aoorso 
batches, 7.e., between the effect of different sizes of grog, 
since the exact quantitative effect of this suggested varia- 
tion in firing on the value of the coefficient of thermal soone TH 7) a) os 
conductivity is not known. However, the fact that there is TEMPERATURE RANGE NP 
only 0°00010 C.G.S. units (7.e., about 6 p.ct.)- difference Fig. 8 
between the average conductivity of Batch II. and Batch I. os 
indicates that the size of the grog in our experimental —, 
bricks does not have a very pronounced effect except in so waa 
far as this size controls the porosity and permeability. 
The Effect of Porosity.—It is obvious from the meaning 
of percentage porosity that, if the true specific gravity of — 
the material remains constant in any set of firebricks, the 4 
apparent specific gravity must decrease with increasing oe does n 
porosity. Now, since the product of the coefficient of diff- : the ot 
usivity, the apparent specific gravity, and the specific heat— E some 1 
which from a consideration of previous work on this con- & aco Batch 
stant must be approximately the same in its values at : 
different temperatures for all the experimental materials— S 
gives the coefficient of thermal conductivity, it follows —_— 
that, in order that the conductivity shall remain constant z 
when the porosity increases, the diffusivity must increase : 
with increasing porosity in an exactly reciprocal manner, . 
i.e., the result should show that the product of the diffusi- - 
vity and apparent specific gravity is a constant. Generally, inane 
the experimental data, up to temperatures of 1000° C., do ev TEMPERATURE RANGE NE 
not show that diffusivity increases with increasing porosity 
in the manner defined, with the consequence—particularly Sia 1 
at low temperatures—that the thermal conductivity Compare now the reported values of brick B and brick i 
decreases with increasing porosity. This is well illustrated | of brick L and brick U. In each case the material with the 
in the previous report on the conductivity of diatomaceous | higher grog content has a lower diffusivity and therm®! 
earth bricks in which it was shown that although the | conductivity for temperature range No, (1) than the lowe 
diffusivity of this material is only about 20 p.ct. less | grog material, while at the highest temperature rang 
than the diffusivity of firebrick, the conductivity is but | No. (4) the reverse is the case. This is well shown in Figs grog 2 
one-third to one-fourth that of the same material. This is | 7 and 9. Thus the fact that the material with a high eR {,, gt 
made evident by the fact that the apparent specific gravity | content has a greater rate of increase of conductivity pa With 
of diatomaceous earth material is about two-fifths that of | diffusivity than the low-grog material is well indicate¢ 


gener; 
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Fig. 8 for Batch II. material shows the rate of increase of 
thermal conductivity with temperature, and, although the 
rate of increase is not so”pronounced as in the other;two 
patches, it is quite evident. With the object of showing 
more clearly this more rapid rate of increase with increasing 
grog content, Fig. 10 is added. In this graph the difference 





CONDUCTIVITY DIFFERENCE 














20 30 
% GROG CONTENT 


Fig. 10. 


between the conductivities reported for temperature 
ranges (1) and (4) is plotted against percentage grog con- 
tent. For all batches there is shown a tendency towards 
the greater rate of increase of conductivity with increasing 
grog content. Batch I. indicates this in a decided manner. 
In fact, it is felt that the conductivity results reported for 
brick F are slightly too high at the higher temperatures. 
Consider Figs. 11 and 12. The former represents the 
average of the conductivities of temperature ranges (1) 
and (2), for each mark plotted against grog content, and 
the latter the average of temperature ranges (3) and (4) 
similarly plotted. The general interpretation of these two 
curves is similar to the one given for Fig.10; the decrease 
in the conductivity with increasing grog content being more 
pronounced in the case of low-temperature determinations 
than in the case of high-temperature determinations. 
Fig. 12 shows the peculiar behaviour of the bricks in Batch I. 
at high temperatures, in which the conductivity apparently 
reaches a minimum at 30 p.ct. grog content. Since this 
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0.0015 
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MEAN THERMAL CONDUCTIVITY IN C.G.S, UNITS 
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% GROG CONTENT 


Fig. 11. 


does not altogether agree with what is noted in the case of 
the other two batches, it is suggested that there is possibly 
some mal-observation in this result. In fact, in the case of 
Batch I. the decrease in conductivity from 10 to 30 p.ct. 
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MEAN THERMAL CONDUCTIVITY IN CGS. UNITS 
a 











i 





10 20 30 #0 50 
% GROG CONTENT 


Fig. 12. 


grog and the increase from 30 to 50 p.ct. grog seems to be 
too great to be accounted for by the theory which follows. 
With allowances, however, this curve is amenable to a 
general consideration, 





A SUGGESTED EXPLANATION. 


A study of the results indicates one of two facts, either 
(1) that the high grog content material, which, of course, 
possesses a higher porosity, has, at the high temperature 
of the experiment, a higher diffusivity and thermal conduc- 
tivity than the low-grog material, or (2) that at somewhat 
higher temperatures than those of the experiment, the 
higher grog content material will have a higher thermal 
conductivity and diffusivity than that of the low-grog 
material. 

These indications are the results of the addition of grog 
to the clay. In other words, either the grog of itself, or the 
effect of the grog on the texture of the brick, causes this 
increase in the values of the conductivity and diffusivity. 
If the grog of itself, because it has received extra heat 
treatment and, therefore, possesses a higher thermal 
conductivity, is the cause, then it must be expected that 
the conductivity of high-grog material at low temperatures 
must be higher than the conductivity of low-grog material 
at the same tempetatures. This is by no means the case ; 
the conductivity of the high-grog material being, in prac- 
tically all cases, lower than the conductivity of low-grog 
materials at low temperatures. Thus for temperature 
range (1) the conductivity of brick A is 0°00155, but for 
brick F it is 000132 ; for brick L with the same temperature 
range it is 0°00154; for brick P it is 000144. It may thus 
be argued with confidence that the effect of the grog of 
itself is not the cause of the observed comparatively higher 
conductivity values of the high-grog materials at high 
temperatures. 

The effect, then, is concerned obviously with the alteration 
of the texture of the materials by the grog, and further, 
with some noticeable alteration in the behaviour of the 
pore spaces. Thus the conclusion is reached that heat is 
transmitted, in appreciable quantities, by way of the pores. 
Such a transmission can consist of one or both of two 
phenomena, 1.e., radiation and convection. Considering the 
former, the calculation mentioned in the introduction, 
and put forward in a previous paper*, showed that pore 
spaces less than 0°005 cms. across in the direction of the 
heat flow had a practically negligible effect. However, 
with such pores of greater width than 0°02 cms., the pro- 
bability of an effective heat transmission by radiation at 
temperatures over, say, 1150° C. is very pronounced. The 
materials under investigation—particularly those containing 
the higher grog contents—could be seen actually to possess 
many elongated pores, situated in such a manner as to be 
almost in the direction of the heat flow in the experiments. 
In this investigation, the observed rapid increase in the 
thermal conductivity of the high-grog material is in part 
probably due, then, to a radiation effect. 

Convection effects are also likely to occur. The extent of 
such effects will be dependent, in no small measure, on 
the relative permeability of the material to gases. This 
property is somewhat connected with porosity, in so much 
as the distinguishing feature of permeability is a continuity 
of pore, allowing a direct, and, more or less, unimpeded 
passage for gases. Permeability thus depends on the 
number of channels or connected pores, which enable the 
permeating fluid to pass through. The following figures, 
reported by Queneau, illustrate the distinction between 
porosity and permeability. ° 














Percentage Relative 
Material Porosity Permeability 
Firebrick 30-85 14-7 
Firebrick 30-20 106-2 


It is thus easy to conceive of great differences in the per- 
meabilities of the high-grog bricks of our experiments as 
compared with the low-grog bricks. The percentage poro- 
sities, however, do not differ by 5 p.ct. 

Considering a brick of relatively high permeability, first 
we see that, under the conditions of our experiment, the 
air in the pores at the hot-face end becomes highly heated, 
and, of a consequence, possesses a decided mobility. This 
gives rise to convection currents within the pores of the 
brick, which currents have a greater range of effect in the 
case of a material of greater permeability. In its transit 
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this air gives heat to the solid particles, increasing their 
temperatures above that value which would result from 
pure conduction through the solid matter. Such heat 
gain and heat loss by convection is proportional to 7*, 
where JT is the difference in temperature between the 
heating gas and the surface of the particle being heated, 
and x is an index probably greater than 1. For heat losses 
by natural convection at low temperature, n=—1'25 
(Griffiths)*, but there is reason to believe from the work 
of Langmuir that » for convective losses approximates 
to 1°6 as the temperature reaches over 1450°C. Little or 
no reliable data circumscribing the actual transference of 
heat from a gas at a high temperature (over 1000° C.) to 
a surface have been published, but theory points to an 
enhanced convective heating at high temperature. 

The net result of the convective effect of hot air in the 
pores of the brickwork must be that the temperature at 
different points in the brick will be raised, with a consequent 
effect on the temperature gradients. Under the conditions 
of the above experiment, an approximate equilibrium will 
be reached between the hot air and tHe hot solid matter, 
after a certain time has elapsed. Since the rate of rise of 
temperature at the first hole is rarely more than 12° C. per 
hour after a time of eight hours from the commencement, 
it is thought that, at this period, a sufficiently approximate 
equilibrium has been established at this isothermal plane. 

Howe and Phelps* have thrown some light on the quan- 
titative effect of heating by convection, when the hot gases 
are drawn through brickwork under pressure. Although 
their results cannot be directly introduced into the above 
argument, they indicate the effect of hot gases on the 
temperature gradients in firebricks. A selection of the 
reported results of these investigations is appended in 
Table V. 














TABLE V., 
Furnace Temp. | 1340°C. | 1340°C. | 1840°C. | 1220°C. | 1220°C. 
Pressure of Furnace Gases..| + 1:00 | +0-05 -— 030 | + 0-95 + 0:05 
(inches of water) | 
Temp. of firebrick 3” fro: | | | 
hot face .. be - «| 1805° C 1265°C. | 1105°C. | 1105°C. | 1075°C. 
=. of firebrick 1” from | | 
ot face .. ao --| 1270°C. | 1210°C. | 1020°C. | 1185°C. | 965°C. 
Temp. of firebrick 2” from | | | 
hot face .. vs .-| 1125°C. | 1040°C. | 800°C. 900°C. | 770°C. 
Temp. of firebrick 3” from | | } | 
hot face .. aie ..| 1040°C 950° C, 720° C. 800° C. 660° C. 


It appears, therefore, that convection plays an important 
part in heat transmission through relatively permeable 
firebricks. 

The passage of heat by conduction is affected by the 
degree of continuity of solid matter existing in the material. 
It is obvious, then, that the semi-vitrified nature of bricks 
A, B, G, and L gives them a power for pure conduction 
greater than those which have had this continuity inter- 
rupted by grog. Thus, when the transmission of heat is in 
the main the result of pure conduction, 7.e., at low tem- 
peratures, such a low-grogged material will show a higher 
determined coefficient of thermal conductivity. This is in 
accordance with the results (vide Figs. 7, 8,and 9). However, 
the rate of increase of heat transference by conduction with 
temperature does not appear to be so great as the rate of 
increase in the transmission of heat by convection and 
radiation in the pore-spaces, with the result that the two 
latter effects overtake in value the conductive effects. This, 
therefore, accounts for the more rapid increase with tem- 
perature in the observed value for the coefficient of thermal 
conductivity of the high-grog bricks at high temperatures. 
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Discussion. 

The PreEsIDENT: I propose to ask Mr. Leather, in the absence 
of Mr. Broadberry, to introduce the Refractory Materials Re- 
port, and then the discussion on Mr. Emery’s paper and the 
report can ensue. 

Mr. LEATHER, introducing the report, said: I regret that Mr. 


a great deal of the work is now done by the British Refractory 
Research Association, with the assistance of the Privy Coungjj 
Committee, the Institution being represented on the Association, 
much more research is still needed to produce results in the form 
of goods capable of enduring the high temperatures towards which 
practice constantly tends. However, it is satisfactory that the 
Association now appear to have surmounted the initial difficulties 
of organization and to be getting into more effective work. |t 
has often been thought that it should be possible to determine the 
quality of a brick from the chemical analysis, which would be 
much easier than the cumbersome and expensive tests prescribed 
in our Standard Specification. Special interest therefore attaches 
to the work of Mr. Dale on the relation between composition ang 
refractoriness under load. Though the work is still incomplete, 
Mr. Dale’s paper describes the method of test under load, which 
is a modification of that described by Dr. Mellor in the 1918 
Transactions. Twenty different sets of bricks were made from 
five different clays with varying amounts of grog. In each cage 
the bricks were tested for contraction in manufacture, porosity, 
ordinary refractoriness, and refractoriness under load. In addi. 
tion to this, a number of tests have been made in which, instead 
of increasing the temperature until the brick gives way under the 
load of 50 lbs. per sq. in., the temperature is kept constant at 1350° 
C. The yielding of firebrick is not an instantaneous phenomenon 
occurring at a definite temperature, but if time is given may take 
place at a much lower temperature. A piece of sealing wax sup. 
ported at the ends will bend under its own weight at the ordinary 
summer temperature if given plenty of time, while to bend the 
same amount more quickly would require a much higher tem- 
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perature. Fig. 11 in Mr. Dale’s report shows the results with one 
kind of clay. The first portion of the curves indicate the ex. 
pansion as the temperature rises to about 1200°C. After this, 
with prolonged heating at 1350° C., the brick yields slowly under 
the load ; the striking thing being that the bricks with 40 p.ct. and 
60 p.ct. of grog give way much more rapidly and completely than 
the straight clay and the one with 20 p.ct. of grog. Further results 
with other clays will be published later. Until the tests are com: 
plete, it is perhaps dangerous to draw definite conclusions. It 
would, however, appear that the more porous briquettes yielded by 
the closing up of the pores. Increased knowledge of the me- 
chanism of the failure of bricks is likely to bear fruit in improve- 
ments in manufacture. There have been many suggestions that 
by a more scientific preliminary purification of the raw material 
the refractory properties of firebricks might be considerably in- 
creased. Great claims were made in this respect for the so-called 
“osmosis” process. This process has been carefully investi- 
gated by Mr. S. R. Hind, as also has the method of sedimenta- 
tion from a thin slip produced by the suspension of the clay in 
water by the addition of a defilccculant. The results of the in- 
vestigation have been communicated to the British Refractory 
Research Association ; the physics of the subject being discussed 
in detail. This research, though leading largely to negative con- 
clusions, has been necessary in consequence of the claims made 
for different processes. A short summary only of the paper is 
presented. While fireclay continues to be our most impor- 
tant refractory, increasing attention has been given of recent 
years to silica materials. Messrs. Hugill and Rees contribute the 
first portion of a research on the effect of the repeated burning 
of lime-bonded bricks. The results of a large number of tests 
show that the bricks are much stronger if exposed to the heat of 
the kiln for a longer time, in order to complete the transforma- 
tion of the quartz into cristobalite and tridymite. In connection 
with the strength of silica bricks, a communication is presented 
by Mr. Rees on the deterioration of silica bricks when not stored 
under proper conditions. Probably most of us are aware that 
silica bricks should not be exposed to severe weather conditions 
for prolonged periods. It would, however, appear that it is de- 
sirable to give complete protection from the time of removal 
from the kiln to their use in the furnace. Dr. Mellor contributed 
some information on the causes of variation in the sizes of bricks 
and blocks, which, while emphasizing the difficulties of manufac: 
turers in this matter, also gives some hints on the method of 
obtaining good results. One of the lines of research which 
the Institution some time ago requested should be explored 
was to determine the conditions influencing thermal conduc 
tivity. A great amount of work has been done on this subject. 
The communication of Mr. A. T. Green records experiments 00 
sixteen sets of bricks made from the same clay but varying in 
porosity and in the character and quantity of thegrog. As would 
be expected, the conductivity of material of high grog content 
(i.e, the porous material) is generally less than in the case of the 
denser bricks, but at the higher temperatures there is a tendency 
for this relation to be reversed. The conclusion to be drawt 
from this would simply be that, from the point of view of coD- 
ductivity alone, a high porosity is not necessarily a disadvantage 
at hightemperature. The advantage or disadvantage of porosity 
must be judged chiefly from other considerations. I have already 
mentioned that the work of Mr. A. T. Dale on refractoriness under 
load shows that porous bricks do not stand up so well under high 
temperatures under theload test. I havea letter from Mr. Broad: 
berry with reference to my taking bis place as the introducer 0 
this report, in which he says, as Chairman of the Committee, that 
he wishes it to be made clear that he does not advocate too much 
porosity either in retorts or bricks. Rightly viewed (i ¢., taking 
all points into consideration) I do not think that the results 
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In connection with this question of conductivity there is a further 
communication on bricks of great porosity as insulators. Such 
pricks do not stand up against very high temperatures, and have 
much small strength to resist crushing. In these days when we 
are beginning to conserve our waste heat to a greater extent than 
formerly, such bricks may be extremely useful. Though their 
crushing strength may be less than one-tenth that of ordinary 
frebrick, their conductivity is only one-fifth of that of such bricks. 
Our hope is that the publication of these and other reports of 
research may not only be of assistance to ourselves, but to the 
manufacturers of refractories, further enabling them to meet the 
demands of the gas industry for improved material. 
I beg to move the adoption of the report. 


Mr. J. FERGuson BELx [who was temporarily in the chair] : I 
have pleasure in seconding the adoption of this very excellent 
report, and we regret that Mr. Broadberry, the Chairman of the 
Refractory Materials Committee, is unable to be present to put 


the report before us. His place, however, is very ably taken by 
Mr. Leather. We all know that whatever Mr. Leather puts his 
hand to, he does it thoroughly and well. The approval that you 
have expressed of Mr. Emery’s paper when he introduced it, indi- 
cates your appreciation of the work that has been done by the 
Refractories Committee. It is evident from the way Mr. Emery 
handled the question that he is au fait with the manufacture of 
frebricks ; and I should say that this communication indicates 
the great value of the work of the Committee. Many of us have 
had. experience of the results of disastrous failures in conse- 
quence of employing perhaps wrong materials, or of the settings 
not being treated under proper conditions; andit is very expensive 
to companies or municipalities to have these failures. I am 
certain the members will read this report with great interest. 


Mr. W. B. LEEcu (Beckton): May I add my thanks to the author 
for his excellent paper. He has tackled a very difficult job, and 
got through with it in a most capable manner. At the commence- 
ment of the paper he sets out the advantages and disadvantages 


of silica materials. I have gone through these, and I am sure 
that the advantages are material, and the disadvantages, [ can 
say from experience, are not insurmountable. That you can ex- 
pect longer life from silica retorts has been proved in practice ; 
and from conversations I have had with engineers in America 
and on the Continent, this has been supported. One well-known 
engineer in Berlin stated that he had silica retorts which had had 
working lives of 4000 days. Some years ago we thought 2000 
days’ life extraordinary, but he assured me, though I did not 
have an opportunity of inspecting the retorts, that their life had 
been 4000 working days. Regarding the other pointsin the paper, 
Mr. Emery says that retorts are easily scurfed, that the scurfing 
period was reduced by about one-third, and that it is unnecessary 
touse any scurfing tools at all—in fact, I should say it would be 
dangerous to do so. As to disadvantages, I am of the opinion 
that very little extra precautions are necessary in re-setting or 
setting, except for due allowance for expansion; but there is 
another point, and that is the jointing materials. It is necessary 
that care should be taken with these. At Beckton we have had 
one or two experiences in which the retort has become: porous 
through faulty jointing materials, and we lose gas to a consider- 
able extent until they are well carboned. The method of jointing 
and type of joint are also very important. Tongued and grooved 
joints, unless they are well made, are sometimes not satisfactory. 
They require a lot of fitting together. If tongued and grooved 
joints are fitted, they should be of the best type, with the double 
groove. I have noticed that it takes a good deal of supervision to 
get the retort setters to fill the joints properly, especially in these 





days when bricklayers are scarce and we have to get all sorts 
of men who require a lot of supervision to keep them in order. 
Capital outlay is included among the disadvantages, but I think 
the difference is so small as to be almost negligible. The cost of 
resetting comes to about 6d. per ton of coal carbonized, and the 
cost of the extra silica is under o'1d., so that it is very small; it is 
hardly worth consideration. I was rather startled at the results 
claimed at Keighley, and I should like to congratulate Mr. Bromley 
on the excellent results he gets. It made me think I had gone on 
wong linesin asking my Directors to adopt silica; but I can assure 
you that at Beckton we have not been able to get anything like 
26co days with fireclay retorts. It may be that we are carboni- 
“ing a different size of coal. because I believe the size of coal has 
a great deal to dowithit. If Mr. Bromley is carbonizing screened 
— he might get better results for that reason than we did at 
aon with fireclay retorts. I can assure you that working with 
ney retorts at Beckton, with a temperature of 1400°C.., the life 
re not been much more than 500 working days. With silica re- 
r 8 _ are getting 35 cwt. per day, as against 2 tons at Keighley. 
m3 — thought that fireclay is good enough to put on the out- 
side - combustion chambers and division walls and on the out- 
— retorts. It is good enough as far as temperature is con- 
et I think it is necessary to have materials of even expan- 
me both sides. It is not the quality of the material as regards 
Re te mperature that is so important, asits quality as regards 
it wil Ing pansion. The retorts should be put in a setting so that 
ae _ upwards evenly outside andinside. The paper quotes 
exlers ene stated that the difference between the internal and 
thin nal temperatures should be about 60°C. This is a difficult 

§ to ascertain, but it was a figure we arrived at in some experi- 















































































































ments we carried out ; and I was glad to have the figure confirmed 
during a recent visit to the Continent. I spoke to several engi- 
neers in Vienna and other places, and they gave me exactly the 
same figure. 


Mr. G. M. Git (London): Mr. Emery speaks of the results ob- 
tained at Keighley. I have seen the retort-house there, and at 
the time I made a note that the retort-settings were built of sili- 
ceous material. Mr. Emery speaks of fireclay. Personally, I 
think thereis a great deal of difference whether the retorts are 
made of fireclay or siliceous material. With siliceous material 
you can undoubtedly work at much higher temperatures than 
with ordinary fireclay retorts. Early in the paper, the author 
speaks of siliceous material having a percentage of silica 
between 80 and 92 p.ct., whereas fireclay would have less than 
82 p.ct. 

Mr. Emery: Yes. 

Mr. Girt: At Keighley, the temperatures there struck me as 
very high and variable, and, I should think, quite up to what is 


mentioned in the paper. At the same time, the charges did not 
appear to me to be 20 cwt. In fact, they were not, and the 
figures given me showed they were more like 18 or 19 cwt. 
The results given are so astounding that I thought it worth 
while to mention these points. It seems to me that the day of 
ordinary fireclay for modern retort-settings is largely passed 
except in the cooler zones of the settings. Surely our thoughts 
should be directed either to siliceous material or silica. That is 
really the reason why the figures in regard to Keighley are so 
high, though they were at first said to apply to fireclay. 

Mr. W. S. Morvanp (Gloucester): I have only just received 
a copy of these papers, and have not had time to go through them. 
Incaseitis not mentioned, however, I want to ask with regard tothe 
expansion of silica material. It is generally stated by makers of 
silica retorts that it is advisable not to close up the silica, but to 
leave a space for expansion. That may be all very well the first 
time you light your furnaces up; but when you come to drop them 
down, you will find that these joints will fill with dust, and 
then there will be no allowance for expansion. I am not speak- 
ing of expansion upwards, but expansion in length. I daresay you 
might probably get an expansion of probably 2 or 3 in. in (say) 
a 20 ft. through horizontal retort, which I am referring to par- 
ticularly, and I should be glad to have some information on this 
point. There is one other matter, and that is what effect has the 
nature of the coal on the silica material. As we work it in ordi- 
nary retorts we sometimes have spells of rainy weather, and the 
coal goes straight into the retort. My experience of silica 
materials is that if you put any wet coal on to it, the sudden cooling 
chills the silica material and it cracks, and therefore I would like 
some information on this point also. With regard to joints, I 
suppose I have had as long an experience as anyone in building- 
up retorts. At Gloucester we have done it probably for 50 years, 
and we find that the grooved brick is the one to use. I haveused 
all kinds, but I have found from experience that a brick with 
a small groove, not larger than 3 in. diameter, and filled with as 
much fireclay as can be got into the material, gives a result which 
allows of very little contraction in the setting. I am speaking of 
ordinary fireclay bricks. I am taking out settings now that were 
put in in 1915, not because the retorts have sunk in any way or 
are damaged, but because they are filled up with dust in places 
that we cannot get at, and we are bound to take them out to ensure 
efficient heating. From these settings I have been able to make 
more than 70 therms per ton, showing that we do good work. If 
I were confident that I could get something which would stand as 
well as this Stourbridge fireclay material, and would do as good 
work, I should certainly like to adopt it. From my experience, 
however, I am very cautious in adopting any other material than 
that I am using, because I should still have trouble with dust in 
the flues which one might not be able to get at. If anyone has 
any information on this matter, I shall be very pleased to receive 


Mr. H. J. Toocoop (Elland): I should like to congratulate Mr. 
Emery on the manner in which he has tackled the subject. As 
a designer of retort-settings I believe in the principle that little 
things make perfection, but that perfection is not a little thing. 


Therefore, I would like to describe very briefly the design of a 
horizontal retort setting and show you how I would attempt to 
achieve this desideratum by the use of silica. In order to give 
silica its best opportunity, my experience leads me to believe 
that the combustion chamber should be kept as far away from 
that inner cone of the flame as possible, and therefore I believe 
in the elliptical arch. You will notice, also, that the bricks form- 
ing that arch are bull-nose bricks, and this enables the silica to 
offer a big surface to the flame. With square bricks, the fiue dust 
would get into the pores of the bricks and probably tend to bring 
down the arch. Therefore, to give silica every chance, you should 
use bull-nose bricks. You will also observe that the keystone of 
the arch of the combustion chamber and the producers next the 
arch are of the self-same stuff; there is no flat arch between to 
push up and cause expansion sideways. Much has been said 
about the expansion and after-expansion of silica, but I think 
a great deal of confusion has arisen by using the word 
“expansion” for the two phenomena. I think the first should be 
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expansion—i.c., thermal expansion—and that after-expansion | of fireclay we had to cut every piece, with the result that we 
Then we should all understand | 


should be designated “ growth.” 


each other, and there would be no confusion. Fig. 12 shows you 


the attempt made to build 95 p.ct. silica settings to-day. You will | 


notice that the side walls are of silica, as explained by Mr. Leech. 


| 


The side walls are formed of a saw-tooth edge, so that there is a | 


half-inch space left. There is the same expansion whether you 
use silica or firebrick or siliceous material, and you have only to 
take into account an extra } p.ct. for growth. If you turn to the 
cross-section, you will see there are tongued and grooved 
joints. We have built them both ways; but when the setting 
is let down after it has been working, it will be found that 
the natural contraction in the mass will set up cracks in lines of 
their own, which anyone can predetermine, and you cannot get 
so tight a joint with flat joints as with tongued and grooved joints. 


This is the one deciding factor of groove and tongue over two | 


grooves. Looking at the retort section there built up—the X, Y, 
Z, running round the retort—if this can be done it cheapens pro- 
duction from the point of view of the maker, which assists gene- 
rally; and from the user’s point of view it is just as good. The 
corner block is cut away at an angle of 45°; this again is a small 
point, but it adds to the resistance offered by the silica to the flame. 
If it were square cornered we should be polishing the corner 
of the brick with the upward flow of the flame. The square 
corner would also complicate the question of drying; but by 
placing it at 45°. you can dry it without any delicate arrange- 
ment, and the workman can get along with his work with all the 
despatch that his employers can expect. There is one little ex- 
periment I am running at the present time, and that is that I 
have lined a furnace with silica bricks. 
thing to do, but the theory is this—that if we can do this there 
will be nothing to flux, as there is with fireclay, or cause clinkers 
to adhere. The little experiment which was kindly referred to by 
Mr. Emery was with the idea of preserving the brick from the time 
it left the kiln until it was put into use. If such a dip can be 
found for these bricks, we could overcome the porosity of silica 
retorts in starting-up, which would give them a much bigger ad- 


gas industry wholly on economical lines of efficiency. There is 
such a thing as fashion even in the great gas industry. 


Mr. MippLETon: I am a member of another branch of car- 


user. I also make the old class of firebrick, and I have collected 
a lot of interesting comparative data, though the time is too short 
to place that before you to-day. I should like to mention one 
point which I think will be of great interest to you, and that bears 
on the relative thermal conductivity of silica and firebrick. It is 
impossible to draw any definite conclusions from laboratory ex- 
periments. We have during the past 12 weeks set to work a 


battery of coke-ovens for carbonizing 1000 tons of coke per day, | are made, and where they are using every ounce of scientiic 


the walls of which are built entirely of silica, and we shall there- 


es 


three times more money in wages in cutting the bricks than 
did in making them. Moreover (as you know), the loss of the kily 
skin on the brick renders it much more liable to abrasion than j 
this had not been necessary through cutting. The question , 
spalling has been spoken of, but in the battery I have mentiong 
we did not spall a single brick. _The old idea of doo- setting 
should not be necessary. It is an old idea in steel works. Th 
built all their bricks to the door at one time, and it certainly dij 
save them spalling to some extent, but now it is possible to mals 
the bricks without that necessity, and spalling does not take place, 
If the bricks were weak, we certainly think it would be a 
advantage to do this. Reference has been made to long soaking 
at high temperatures. There are great advantages from the 
manufacturing point of view in soaking them for 3 or 4 days a 
1500° C. You get extraordinary strength and toughness, and 





| you get rid entirely of the bugbear of growth. 


_Mr. J. FErRauson Bett (Derby): I am sure we are all very 


| much obliged to Mr. Middleton for his interesting remarks, anj 


we hope that he will supplement them by a written communic;. 


| tion. 


It seems an outrageous | 


Mr. T. F. E. Rueap (Birmingham): I should like heartily to 
thank Mr. Emery and the Research Association for their valuable 
symposium on refractory materials. There are several points 
raised by Mr. Emery, which are of intense interest concerning 
the abnormal behaviour of firebrick material in lasting so well, 
This is explained in the paper as being due to the fact that the 
fireclay may be of the nature of silica. I understand that silica 
stands well up to the mould. The rapid melting-point of pure 
chemicals is well known, and the gradual softening of mixtures js 
well known, but I cannot quite see why fireclay mixtures should 
behave like a pure material. I can testify to the importance of 
exercising great care in the cement that is used both for silica 
material and firebrick material. We had some trouble recently 


| with fireclay material which had been reinforced with silica, 
vantage than they now have, because things do not move in the | 


These bricks tested remarkably well according to the Institution 
of Gas Engineers specification, and there was practically no ex- 


| pansion or contraction; but it seemed to me that they had not 
| been sufficiently burned. The silica was probably not all con. 
bonizing—viz., coke-ovens—and I have been interested in silica | 
very much for the last four or five years, both as a maker and a | 


verted, and consequently, after a few months, they began to spall 
badly. There is a big difficulty (as we all know) with the raw 
materials; particularly with fireclays, which I will explain. We 
have carried out in Birmingham thousands of tests on refrac. 
tories, and have found that where the material is on what may be 
called the border line, though you may take advance samples 
from the kiln which pass the tests satisfactorily, you are liable, 


| when the consignments come in, to get material which is not 


fore be able to make comparisons between these walls made of | 


silica and older plants built of 80 p.ct. silica. The results so far 
have been striking. We have reduced our carbonizing time from 
27 hours to 16 hours, with a reduction in width of only 3 in. 
The evidence that I have gathered from America and elsewhere, 
where the width of oven has been reduced, shows that you get a 
reduction in coking time of one hour for 1 in. reduction in width. 
Therefore, crediting the narrower furnace with three hours, 
because it is 3 in. narrower, we have a reduction in coking time 
’ of 6 or 7 hours due to the silica construction alone. The most 
remarkable point about it is a thing which surprised us most; we 
have got this advantage without increase of temperature. We 
knew we could get that big reduction in coking time, but we 
thought we should have to go to 150° or 200° higher in our car- 
bonization temperature. We find, however, we are working at 
exactly the same temperatures with the silica as we are with the 
80 p.ct. silica. The temperature in the combustion chamber in 
most cases is from 1380° to 1400° C., and the temperature at the 
top of the horizontal flow, just when combustion is complete, is 
1200° C., and the temperature ‘within the oven walls—reading 
with an optical pyrometer through the charge hole, and taking 
the average—shows that there is no variation more than 50 p.ct. 
Working it out we find there is a 23 p.ct. improvement in thermal 
conductivity with the silica. It is well known that you can work 
a setting at much higher temperatures if it is built up of silica. 
If, therefore, we went 150° higher, we should get a much bigger 
reduction in coking time, due to the increasing thermal con- 
ductivity of the silica at the higher temperature. I should not be 
at all surprised to find in a little while that we are able to get 
40 p.ct. more coal through the silica retorts than with fireclay or 


right. It therefore seems to me that you want a really good 
factor of safety in using such a material. It has been my privi- 
lege to go over some of the modern works where fireclay materials 


knowledge and control in their manufactures. It does seem a 
pity that gas engineers one and all donot support these manufac: 
turers. Many gas engineers do; but I have often heard it said 
by manufacturers when they are buying their materials: ‘“ What 
is the use of bothering; people buy the cheapest they can get.” 


| You cannot get these high qualities without a little more expense; 


| outside of the retort, and said he had found it to be 60°. 


semi-silica, There are a few more advantages of silica which Mr. | 
Emery has not brought out, though he has done justice to silica. 


One is that you are able to get wonderfully accurate shapes. It 
is possible to make bricks that do not vary more than 1 p.ct. from 
the drawn size, so that it is unnecessary to do any cutting at all. 
In the battery I have spoken of we have used 3800 tons of shaped 
silica, and we did not cut or dress a single piece. The whole lot 
came together with very fine joints, whereas in the case of 300 tons 


and I do recommend strongly to everybody that they patronize 
the manufacturers who are making this great attempt to improve 
our refractory materials. Mr. Leech mentioned an interesting 
point about the difference in temperature on the inside and the 
That 
is a remarkably small temperature gradient, and I should like to 
ask Mr. Leech whether that was just after scaling or when tbe 
retort was ready for scaling, because it would make a consider 
able difference. 

Mr. LEEcH: I cannot say the exact time. 

Mr. RueEap: Reference has also been made to the life of the 
retort. It all depends whether the retort has had a steady lifeor 
a heavy one. Just to state the number of hours it has lastedis 
not always fair to the material. 

The PresipENT: We have had a most interesting discussion 00 
a most interesting subject, and I believe we could continue this 
for some time. Unfortunately we have just received an intima: 
tion from the Institution of Electrical Engineers—whose guests we 
are—that this building is required for another meeting, and | am 
afraid I have no option but to ask those who wish to contribute 
further to the discussion to communicate with the Secretary 10 
writing. While I do not want to take up your time, I do wast 
to express to Mr. Emery our great appreciation of the practical 
and useful paper and the intimate knowledge he has revealed ia 
the analyses of the samples he has explained; and he would add 
a further obligation to the Institution if he would be good enough 
to make his reply to the discussion in writing. This is not the 
occasion for a formal vote of thanks to Mr. Emery, but | am sure 
you will wish to express your great pleasure at having the papet 
placed before the Institution. 
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Setting of “Bluebell” 95°/, Silica Segmental Retorts in 
process of demolition at Beckton Gasworks after over 6 years’ 
work. Combustion Chamber and Cross Walls “ Bluebell ” 
Silica material. Setting in excellent condition and could 
have been worked for a still longer period but taken down 
to permit of reconstruction of the whole Retort House. 


Also Makers of High Grade Firebricks 


THISTLE BRAND 


SPECIAL QUALITY FIREBRICKS to RESIST the ACTION of CLINKER 


Productive Capacity 1,000,000 Bricks Weekly 


JOHN G. STEIN & COMPANY LIMITED 
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WILLIAMSON, CLIFF, LTD. 


Gas Retort & Fireclay Works 
STAMFORD 
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SPECIFY “WILLIAMSON: CLIFF, LTD.” 


*Phones :— 


London Office : STAMFORD 16 
17 Monument Street, E.C.3 ROYAL 1377-8 


Best Machine Made Silica Retorts, : 
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Tue GLENBOIG Union Fire-CLaY Co., Lro 


Manufacturers of the highest grade of Refractory Fire Bricks, specially 
suited for furnaces subjected to the highest heats and sudden changes 
of temperature. 





All Glenboig Goods are stamped with either “ Glenboig” or “ Star Works, Glenboig” Brands as under— 


eee ee 


Wi 
REGISTERED ve =~, TRADE GLENBOIG MARKS. 
Bos 


























The Two Glenboig Brands are identical in quality and are.used indiscriminately in the execution of orders. 


b AS RETORT HORIZONTA’., INCLINED, & VERTICAL RETORTS to New Standard Specification. 





Special Bricks and Blocks for all modern Gas Settings. 


Seren | 58 FIRST AWARDS 


“@LENBOIG, GLASGOW.” 
At International and 
Home Exhibitions, 
Glasgow Telephones including 
No, 2120 Douglas, No. 3009 Douglas, ; & o 
Grand Prize at Brussels, 


1910. 
Coatbridge Telephone ? In every case the Highest Award 
No. 26. % 


given for Fire Clay Goods. 


Contractors to His Majesty's Home and Indian Governments, and the principal National Arsenals of Europe. 
On the Admiralty and War Office Lists. 


Works: GLENBOIG, GARTCOSH, and CUMBERNAULD. 
Head Offices: 48, WEST REGENT STREET, GLASGOW, 
We have a LARGE EXHIBIT at the) BRITISH EMPIRE EXHIBITION. 
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